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Many r e l i a b l e  r a p i d  methoas a r e  now a v a i l a b l e  f o r  t h e  
a n a l y s i s  o f  p r o t e i n  c o n t e n t  i n  seed. I n  t h i s  r e p o r t ,  f o u r  
methods u e r e  compared f o r  ch ickpea .  R e s u l t s  o b t a i n e d  w i t h  a  
Techn i con  a u t o  a n a l y s e r  (TAA) u e r e  p r e c i s e  and were h i g h L y  
c o r r e l a t e d  w i t h  m i c r o K j e L d a h l  (MKJ) va lues .  I t  i s  p o s s i b l e  
t o  c a r r y  o u t  a c c u r a t e  d e t e r m i n a t i o n s  on Ldrge numbers o f  
samples w i t h i n  a r e l a t i v e l y  s h o r t  t ime .  There fo re ,  t h e  T A A  
p r o c e d u r e  would be t h e  most s u i t a b l e  method t o  be used i n  a  
b r e e d i n g  programme. As an d l t e r n a t i v e ,  where t h e  T A A  
f a c i l i t y  i s  n o t  b v a i l a b l e ,  t h e  dye b i n d i n g  c a p a c i t y  (DBC) 
p r o c e d u r e  can be adap ted  f o r  t h e  e s t i m a t i o n  o f  p r o t e i n  
c o n t e n t .  The b i u r e t  method, due t o  poo r  p r o t e i n  
e x t r a c t a b i l i t y ,  was n o t  as a c c u r a t e  as t h e  T A A  o r  DBC 
method, b u t  t h e  method may s t i l l  f i n d  use i n  some 
programmes, depend ing  m a i n l y  o n  t h e i r  o b j e c t i v e s .  
Also, r a p i d  procedure  o f  TAA f o r  p r o t e i n  a n a l y s i s  c o u l d  
be used f o r  b o t h  t h e  whole g r a i n  and d h a l  samples, w h i l e  t h e  
DBC procedure seems t o  be b e t t e r s u i t e d  t o  ana lyse d h a l  
samples o n l y  i n  case o f  pigeonpea. Cons ide r ing  t h e  c o s t  and 
s i m p l i c i t y  o f  t h e  DBC method i n  r e l a t i o n  t o  t h e  TAA method, 
a n a l y s i s  o f  who le-gra in  samples by t h e  DBC method i s  
suggested where l a r g e  number of  samples (germplasm) a r e  
i n v o l v e d  and where r a n k i n g  o f  c u l t i v a r s  f o r  t h e i r  p r o t e i n  
con ten t  i s  more i m p o r t a n t  r a t h e r  than t h e  a b s o l u t e  arrount. 
Smal l  g r a i n s  gave a  Lower c o r r e l a t i o n  between who le-gra in  
and dhaL p r o t e i n  con ten t  and o v e r a l l  o n l y  76% o f  t h e  
v a r i a t i o n  i n  d h a l  p r o t e i n  cou ld  be a t t r i b u t e d  t o  t h e  
v a r i a t i o n  i n  who le-gra in  p r o t e i n  con ten t  i n  pigeonpea. 
Based on t h e  a n a l y s i s  o f  12653  samples, Large 
v a r i a t i o n s  appear t o  e x i s t  f o r  p r o t e i n  con ten t  i n  ch ickpea 
germplasm c o l  l e c t  ions .  P r o t e i n  con ten t  o f  these whole seed 
samples o f  ch ickpea ranged between 14.2 and 31.5 pe rcen t  
w i t h  an average va lue  o f  19.3 pe rcen t .  I n t e r e s t i n g l y ,  t h e r e  
was no c o r r e l a t i o n  between seed weight  and seed p r o t e i n  
pe rcen t  and t h i s  i n d i c a t e d  t h a t  i t  would be p o s s i b l e  t o  
i nc rease  bo th  t h e  seed weight  and p r o t e i n  con ten t  i n  
chickpea.  
The p r o t e i n  c o n t e n t  o f  6215 whole seed samples o f  
p i geonpea  germplasm access i ons  ranged between 15.4 and 27.6 
p e r c e n t  whereas o f  2832 d h a l  samples between 16.3 and 28.6 
p e r c e n t .  S e v e r a l  w i  Ld spec i es  o f  p igeonpea  were i d e n t i f i e d  
as  sou rces  o f  h i g h  p r o t e i n  (28.4-30.521. 
Seed p r o t e i n  c o n t e n t  was de te rm ined  i n  s e v e r a l  
geno t ypes  o f  c h i c k p e a  grown a t  d i f f e r e n t  L o c a t i o n s  i n  I n d i a  
i n  d i f f e r e n t  yea rs .  S t a t i s t i c a l  a n a l y s i s  showed t h a t  
L o c a t i o n s  had t h e  g r e a t e s t  i n f l u e n c e  on seed p r o t e i n  
c o n t e n t .  The e f f e c t s  due t o  c u l t i v a r s  a l t h o u g h  s i g n i f i c a n t  
u e r e  o f  l o u  magni tude.  C u L t i v a r s  x L o c a t i o n  i n t e r a c t  i o n s  
were found  t o  be n o n s i g n i f i c a n t  dnd t h e r e  were good 
c o r r e l a t i o n s  among L o c a t i o n s  s u g g e s t i n g  t h a t  b r e e d i n g  f o r  
imp roved  seed p r o t e i n  c o n t e n t  1 1  ch i ckpea  c o u l u  be 
e f f e c t i v e l y  c a r r i e d  o u t  a t  a  s i n g l e  Loca t i on .  
1. INTRODUCTION 
Legume seeds a r e  p r i m a r i l y  i m p o r t a n t  f o r  t h e i r  s u p p l y  o f  p r o t e i n  
i n  t h e  d i e t s  o f  p e o p l e  i n  'many p a r t s  o f  t h e  wor ld .  Chickpea and 
p igeonpea  a r e  i m p o r t a n t  g r a i n  Legumes i n  s e v e r a l  d e v e l o p i n g  c o u n t r i e s  
o f  SAT r e g i o n s .  Improvement o f  p r o t e i n  q u a l i t y  o f  t h e s e  p u l s e s  
t h r o u g h  e f f e c t i v e  b r e e d i n g  program i s  one o f  t h e  o b j e c t i v e s  o f  
I C R I S A T .  The success o f  such a  b r e e d i n g  program w i l l  depend on  t h e  
a v a i l a b i l i t y  o f  r a p i d  ano a c c u r a t e  a n a l y t i c a l  p r o c e d u r e s  f o r  
e s t i m a t i n g  t h e  d e s i  red  c o n s t i t u e n t s .  Therefore,  a t t e m p t s  were made t o  
i d e n t i f y  accura te ,  r a p i d  and r e l i a b l e  p rocedures  f o r  t h e  e s t i m a t i o n  o f  
p r o t e i n .  A f t e r  i d e n t i f y i n g  a  s u i t a b l e  method, p r o t e i n  c o n t e n t  was 
e s t i m a t e d  i n  t h e  a v a i l a b l e  germplasm c o l l e c t i o n s  o f  t h e s e  c r o p s  i n  
o r d e r  t o  know t h e  v a r i a t i o n  f o r  t h i s  c h a r a c t e r .  E f f o r t s  were a l s o  
made t o  s t u d y  t h e  e f f e c t s  o f  e n v i  ronments on p r o t e i n  c o n t e n t .  The 
p r e s e n t  r e p o r t  summarizes t h e  r e s u l t s  on these  a s p e c t s  under  t h e  
f o l l o w i n g  t h r e e  main headings.  
I.  Methods o f  p r o t e i n  e s t i m a t i o n  
11. V a r i a b i l i t y  f o r  p r o t e i n  c o n t e n t  i n  t h e  germplasm a c c e s s i o n s  
111. P r o t e i n  c o n t e n t  as i n f l u e n c e d  by env i ronmer i ts  
2. Methods o f  p r o t e i n  e s t i m a t i o n :  
S e v e r a l  methods have been r e p o r t e d  f o r  ;he p r o t e i n  e s t i m a t i o n  i n  
c e r e a l s  and g r a i n  Legumes. Every method has i t s  advantages and 
d i s a d v a n t a g e s .  S ince  our  e f f o r t s  have been t o  d e v e l o p  a  r a p i d  and 
r e l i a b l e  p r o c e d u r e  f o r  p r o t e i n  e s t i m a t i o n  i n  c h i c k p e a  and pigeonpea, 
ue i n v e s t i g a t e d  t h e  u s e f u l n e s s  o f  t h e  f o l l o w i n g  methods f o r  s c r e e n i n g  
Large number o f  samples f o r  p r o t e i n  c o n t e n t .  
2.1 K j e l d a h l  method: 
I n  1883, t h e  p u b l i c a t i o n  o f  t h i s  method was made by John K j e l d a h l  
and s u b s e q u e n t l y  t h e  method has been named a f t e r  him. The p r i n c i p l e  
i n v o L v e d . i n  t h i s  p r o c e d u r e  i s  w e l l  known. The sample i s  c i g e s t e d  i n  
t h e  p resence  o f  c o n c e n t r a t e d  s u l p h u r i c  a c i d  u n t i l  t h e  n i t r o g e n  i s  
t r a n s f o r m e d  i n t o  ammonium s u l p h a t e .  By d i s t i l l i n g  i n  t h e  p resence  o f  
c o n c e n t r a t e a  a l k a l i ,  t h e  L i b e r a t e d  ammonia i s  c o l l e c t e d  and measured 
by a s u i t a b l e  method. The n i t r o g e n  c o n t e n t  i n  t h e  sample i s  
c a l c u l a t e d  f rom t h e  amount o f  ammonia l i b e r a t e d .  For t h e  e s t i m a t i o n  
o f  p r o t e i n  c o n t e n t  i n  c h i c k p e a  and pigeonpea, a  s t a n d a r d  m i c r o K j e l d a h 1  
(MKJ) p rocedure  (AOAC,  1975)  uas f o l l o w e d  as d e s c r i b e d  beLou. 
A p o r t i o n  o f  t h e  sample (30-40 mg) uas n e i g h e d  i n t c  a 
m i c r o K j e l d a h 1  f l a s k  and 2 g  o f  d i g e s t i o n  m i x t u r e  c o n s i s t i n g  o f  
m e r c u r i c  o x i d e  and p o t a s s i u m  s u l p h a t e  p r o p e r l y  mixed i n  t h e  r a t i o  o f  
4:190 was added. Then 2 mL o f  conc. s u l p h u r i c  a c i d  was added and 
d i g e s t e d  f o r  1 h r .  The d i g e s t e d  sample was a i s s o l v e d  i n  minimum 
amount o f  w a t e r  and t r a n s f e r r e d  t o  t h e  d i s t i l l a t i o n  s e t .  A f t e r  g i v i n g  
one more washing, 10  m i  o f  60% sodium h y d r o x i d e  c o n t a i n i n g  5% sodium 
t h i o s u l p h a t e  was added. The d i s t i l l a t e  was c o l l e c t e d  i n  5 m l  o f  4% 
b o r i c  a c i d  c o n t a i n i n g  2 d r o p s  o f  mixed i n d i c a t o r  (0.2% m e t h y l  r e d  and 
0.2% bromo c r e s o l  g r e e n  i n  t h e  r a t i o  o f  1 :5) f o r  5 m i n u t e s  and t h e n  
t i t r a t e d  a g a i n s t  s t a n d a r d  h y d r o c h l o r i c  a c i d .  
2.2 T e c h n i c o n  a u t o  a n a l y s e r  (TAA) method: 
The c o l o r i m e t r i c  method u s i n g  t h e  TAA i s  f r e q u e n t l y  used i n  
r e s e a r c h  p rogram u h e r e  Large numbers o f  samples have t o  be a n a l y s e d  
f o r  p r o t e i n  e s t i m a t i o n .  I n  t h i s  method, N H ~  i s  e s t i m a t e d  
c o l o r i r n e t r i c a l L y  i n  an a l k a l i n e  medium a f t e r  r e a c t i o n  u i t h  p h e n o l  i n  
sodium h y p o c h l o r i t e ,  ( M i t c h e s o n  and S t o u e l  1, 1 9 6 9 ) .  We have s l i g h t l y  
m o d i f i e d  t h e  TAA p r o c e d u r e  f o r  n i t r o g e n  e s t i m a t i o n  i n  c h i c k p e a  and 
p igeonpea  samples. For c h i c k p e a  and p igeonpea samples, a  s u i t a b l e  
amount o f  t h e  sample (60-70 mg) uas weighed and p l a c e d  i n  a  s p e c i a l l y  
made d i g e s t i o n  t u b e  o f  75 m l  c a p a c i t y .  One K j e l - t a b  ( a u t o  t a b l e t )  and 
3 m L  o f  s u l p h u r i c  a c i d - p h o s p h o r i c  a c i d  m i x t u r e  ( 9 5  p a r t s  c o n c e n t r a t e d  
s u l p h u r i c  ac id,  5 p a r t s  o f  85% phosphor i c  ac id,  v i v )  u e r e  added t o  t h e  
d i g e s t i o n  t u b e  and a  s e t  o f  40 t u b e s  uas d i g e s t e d  i n  a  b l o c k  d i g e s t o r  
m a i n t a i n e d  a t  3700C f o r  1 h r .  A f t e r  coo l ing ,  d i s t i l l e d  u a t e r  uas 
added t o  b r i n g  t h e  volume u p t a  t h e  e tched  mark i n  t h e  same t u b e  
r e p r e s e n t i n g  a t o t a l  volume o f  75 m i .  A s u i t a b l e  a l i q u o t  uas used f o r  
n i t r o g e n  e s t i m a t i o n  u s i n g  t h e  TAA which i s  capable o f  a n a l y s i n g  40 
samples p e r  h r  w i t h  a sample t o  uash r a t i o  o f  9:1.  The n i t r o g e n  v a l u e  
t h u s  o b t a i n e d  uas c o n v e r t e d  i n t o  crude p r o t e i n  c o n t e n t  b y  m u l t i p l y i n p  
u i t h  a  f a c t o r  of 6.25 .  Us ing  t h i s  procedure, t u o  persons  can a n a l y s e  
abou t  100 samples a day, wh:ch i n c l u d e s  t h e  t i m e  t a k e n  f o r  
c a l c u l a t i o n s ,  p r e p a r i n g  t h e  reagents,  and washing o f  g lasswares .  
2.3 Dye b i n d i n g  c a p a c i t y  (DBC) method: 
Th is  method opera tes  on t h e  p r i n c i p l e  i n  which t h e  bas i c  amino 
ac ids  reac t  w i t h  t h e  mono-sulphonic azo dye i n  an a c i d  medium t o  fo rm 
an i n s o l u b l e  complex u i t h  p r o t e i n s  and r e s u l t s  i n  a decreased 
i n t e n s i t y  o f  t h e  dye. Thus, t h e  unbound dye c o n c e n t r a t i o n  i s  measured 
c o l o r i m e t r i c a l l y  as percent  o f  t ransmiss ion .  The es t ima tes  o f  p r o t e i n  
from a convers ion  t a b l e  a re  based on c o l o r i m e t r i c  measurement o f  
unbound dye through i t s  r e l a t i o n s h i p  t o  t o t a l  n i t r o g e n  as determined 
by the  microKje ldah1 procedure. 
Procedure: 
Using t h e  dye, a c i d  orange-12 (ob ta ined  from Boulder, Colorado, 
USA), the  f o l  Lowing procedure was s tandard ised t o  es t ima te  t h e  p r o t e i n  
content  i n  chickpea and pigeonpea samples. A f i n e l y  ground sample 
(320 mg) uas weighed and t r a n s f e r r e d  i n t o  a p l a s t i c  b o t t l e  and 40 m l  
o f  r e a c t i o n  dye s o l u t i o n  ( a c i d  orange-12, 1.3 mglml) uas added. The 
b o t t l e s  were stoppered and shaken i n  a r e c i p r o c a t i n g  shaker f o r  1 hr. 
The suspension was then  f i l t e r e d  us ing  a g l a s s  f i b e r  f i l t e r  and % 
t r ansmiss ion  uas recorded aga ins t  t he  re fe rence  dye s o l u t i o n  (ob ta ined  
from Boulder, Colorado, USA), us ing  a Udy f l o u  through co lo r ime te r .  
Tuo persons can analyse about 150 samples a day us ing  t h i s  procedure 
i n c l u d i n g  t h e  p r e p a r a t i o n  o f  reagents and uashing of  f i  L t e r s  and 
b o t t l e s .  
Page 5 
2.4 The b i u r e t  method: 
The p r i n c i p l e  i n v o l v e d  i n  t h i s  p rocedure  i s  r e l a t e d  t o  t h e  
development  o f  p u r p l e  c o l o u r  when substances c o n t a i n i n g  two - CONH2 
groups  j o i n e d  e i t h e r  d i r e c t l y  o r  t h r o u g h  a  ca rbon  o r  n i t r o g e n  atom a r e  
t r e a t e d  w i t h  copper  s u l f a t e  i n  t h e  presence o f  a  s t r o n g  a l k a l i n e  
s o l u t i o n .  The p e p t i d e  s t r u c t u r e  as found i n  p r o t e i n s  and t h e i r  
l i n k a g e s  a l s o  g i v e  a  p o s i t i v e  r e a c t i o n  t o  t h e  b i u r e t  t e s t .  Two o r  
more p e p t i d e  L inkages  a r e  r e q u i r e d  t o  g i v e  a  p o s i t i v e  t e s t .  P r o t e i n s  
g i v e  p u r p l i s h  v i o l e t  c o l o u r  w h i l e  p r o t e a s e s  and pep tones  g i v e  a  p i n k  
c o l o u r  and p e p t i d e s  g i v e  a v e r y  L i g h t  p i n k  c o l o u r .  T h i s  t e s t  has been 
u t i l i z e d  f o r  t h e  e s t i m a t i o n  o f  p r o t e i n s  i n  c e r e a l s  and g r a i n  legumes 
(Johnson  and Craney, 1971, Sodek e t  aL. 1976). 
P rocedure :  
TWO m o d i f i c a t i o n s  o t  t h e  b i u r e t  p rocedure  were used f o r  t h e  
e s t i m a t i o n  o f  p r o t e i n  and these  w i l l  be r e f e r r e d  as 81 ( b i u r e t  
p r o c e d u r e  1) and 82 ( b i u r e t  p r o c e o u r e  2) i n  t h i s  r e p o r t .  The b i u r e t  
r e a g e n t  f o r  p r o c e d u r e  B1 was p r e p a r e d  by m ~ x i n g  10 m l  o f  10 N K O H  and 
20 m l  o f  25% sodium p o t a s s i u m  t a r t a r a t e .  To t h i s  was added 40 m l  o f  
4% c u p r i c  s u l p h a t e  p e n t a h y d r a t e  w h i l e  s t i r r i n g  v i g o r o u s l y  and t h e  
volume uas made u p t o  500 m l .  T h i s  s o l u t i o n  uas mixed  i n  e q u a l  
p r o p o r t i o n  w i t h  propan-2-01 and used. Tuo hundred mg o f  sample were 
weighed and d i s p e r s e d  i n  2  m i  o f  propan-2-01 i r  a c o n i c a l  f l a s k  and 
50 m l  o f  b i u r e t  r e a g e n t  uas added. The f l a s k  uas s t o p p e r e d  and shaken 
f o r  15 min. The e x t r a c t  was c l a s s 1  f  i e d  D Y  c e n t r i f u g a t i o n  and r e a d  i n  
a  s p e c t r o p h o t o m e t e r  a t  550 nm. 
For procedure B2, t h e  b i u r e t  reagent uas t h e  same as desc r i bed  
above except t h a t  i t  d i d  n o t  c o n t a i n  CuSoq- 5H20 (Johnson and Craney, 
1971). As i n  t he  case o f  81 method, 200 mg o f  t h e  sample were taken 
i n  a c o n i c a l  f l a s k .  Then 200 mg c u p r i c  carbonate were added and t h e  
contents  were d i spe rsed  i n  2 m l  propan-2-OL f o l l o u e d  by t h e  a d d i t i o n  
o f  50 m L  b i u r e t  reagent.  The r e s t  o f  t h e  procedure was same as i n  t h e  
case o f  01. 
3. Resu l ts  ob ta ined  w i t h  chickpea: 
3.1 A comparison o f  d i f f e r e n t  methods o f  p r o t e i n  e s t i m a t i o n  i n  
chickpea: 
From our germplasm c o l l e c t i o n ,  150 accessions t h a t  e x h i b i t e d  a 
wide range i n  t h e i r  p r o t e i n  content  from our p rev ious  a n a l y s i s  were 
s e l e c t e d  f o r  t h i s  study (Singh & Jambunathan, 1980). Whole-seed 
samples were ground i n  a Udy m i l l  t o  pass through a 0.4 mm s i eve  and 
were d r i e d  ove rn igh t  a t  70°c. The analyses were c a r r i e d  out  on these 
d r i e d  samples. Samples were d i v i d e d  i n t o  Low, medium- and 
h i g h - p r o t e i n  groups based on crude p r o t e i n  va lues  obta ined by t h e  MKJ 
method. To study t h e  e f f e c t  o f  f l o u r  p a r t i c l e  s i z e  on p r o t e i n  
es t imat ion ,  samples o f  one c u l t i v a r  (P-1137) were ground i n  a Wiley 
m i l l  u s i n g  10, 20, 40, 60, 80, and 100-mesh s ieves t i l l  a l l  t h e  
m a t e r i a l  passed th rough the  s ieve.  I n  o r d e r  t o  t e s t  t h e  i n f l u e n c e  o f  
seed coat pigment i n  t h e  b i u r e t  and DBC methods, p r o t e i n  content  was 
determined i n  ' d h a l '  ( d e c o r t i c a t e d  s p l i t  co ty ledon)  and whoLe seed 
samples. For t h e  p r e p a r a t i o n  o f  dhaL, whole seed were soaked i n  
d i s t i l l e d  water ove rn igh t  a t  5-6'~. Excess u a t e r  was decanted and 
seed c o a t s  were removed manua l l y .  Dhal samples were d r i e d  a t  70'~ 
o v e r n i g h t  i n  an oven b e f o r e  processed i n  a  s i m i l a r  way f o r  t h e  
e s t i m a t i o n  o f  p r o t e i n  c o n t e n t .  
The r e s u l t s  o f  p r o t e i n  a n a l y s i s  o f  germplasm access ions  by  f o u r  
d i f f e r e n t  methods a r e  g i v e n  i n  Appendix I .  
R e s u l t s  o f  c o r r e l a t i o n  c o e f f i c i e n t s ,  s t a n d a r d  e r r o r s  o f  
e s t i m a t i o n ,  and r e g r e s s i o n  e q u a t i o n s  o b t a i n e d  between t h e  MKJ method 
and o t h e r  r a p i d  methods e v a l u a t e 0  a r e  shown i n  Tab le  1. The TAA 
method was s i g n i f i c a n t l y  c o r r e l a t e d  w i t h  t h e  MKJ method (r=0.99) and 
DBC method ( r=0 .98) .  C o r r e l a t i o n  c f  MKJ method w i t h  t h e  b i u r e t  method 
was 0.96 and u i t h  t h e  b i u r e t  method 82 u d s  0.95. I t  was observed  t h a t  
b o t h  t h e  p rocedures  gave  h i g h e r  s tandard  e r r o r s  o f  e s t i m a t i o n  i n  
compar ison  u i t h  t h e  DBC and T A A  methods. 
I n  o r d e r  t o  f i n d  ou t  t h e  u s e f u l n e s s  o f  these  methods i r i  a n a l y s i n g  
samples w i t h  a wide range o f  p r o t e i n  content ,  t h e  c o r r e l a t i o n  
c o e f f i c i e n t s  and s t a n d a r d  e r r o r s  o f  e s t i m a t i o n  among DBC, TAA and MKJ 
methods were compared f o r  t h e  tow-, medium- and h i g h - p r o t e i n  l i n e s  
( T a b l e  2). The MKJ v a l u e s  o f  med ium-pro te ln  l i n e s  had a  s i g n i f i c a n t l y  
h i g h e r  c o r r e l a t i o n  u i t h  DBC and TAA prccedures  a s  compared t o  t h e  Lou- 
and h i g h - p r o t e i n  l i n e s .  Or! t h e  o t h e r  nand, c o r r e l a t i o n  between MKJ 
method and b i u r e t  p rocedures  B1 ar~d 82 uas h i g h e r  f o r  t h e  l o w - p r o t e i n  
t i n e s  as compare0 t o  t h e  medium and h i g h - p r o t e i n  i i n e s  ( T a b l e  2 ) .  
T h i s  t a b l e  a l s o  shows t h a t  bo th  t h e  b i u r r t  p rocedures  had h f g h e r  
s t a n d a r d  e r r o r s  o f  e s t i m a t i o n  f c r  t h e  h i g h - p r o t e i n  l i n e s  when compared 
t o  t h e  low- and med ium-pro te in  l i n e s .  The p r o t e i n  v a l u e s  o b t a i n e d  
rage o 
Table 1. S t a t i s t i c s  f o r  comparing t h e  degree o f  c o r r e l a t i o n  between 
TAA, DBC, and b i u r e t  methods (01 g 0 2 )  r e s p e c t i v e l y  w i t h  
MKJ method f o r  t h e  e s t i m a t i o n  o f  crude p r o t e i n  con ten t  
( N  x 6.25) i n  chickpea 
Met hod C o r r e l a t i o n  Standard Regression Equat ion  
c o e f f i c i e n t a  e r r o r  o f  
es t ima te  
MKJ vs TAA 0.99 0.55 y  = 0.29 + 1 . 0 0 1 ~  
MKJ vs DBC 0.98 0.69 y  = 7.43 + 0 . 3 5 ~  
MKJ vs DBC 0.98 0.69 y  = 1.05 + 0 . 6 7 ~  - 0.00376~2 
MKJ vs Log DBC 0.98 0.69 y = 130.95 + 3 3 . 0 1 ~  
MKJ vs 01 0.96 0.99 y  = 6.57 + 1 0 1 . 2 2 ~  
MKJ vs 82 0.95 0.95 y = -11.81 + 1 0 2 . 0 2 ~  
a S i g n i f i c a n t  a t  1% l e v e l .  B1 Mod i f i ed  b i u r e t  method o f  Pinckney 
(1961). 82 M o d i f i e d  b i u r e t  method o f  Johnson and Craney (1971). 
by  B i u r e t  01 and 82 i n  comparison w i t h  MKJ on 134 chickpea whole seed 
samples are L i s t e d  i n  Appendix 2 .  
C o r r e l a t i o n  s t u d i e s  (Tables 1  and 2 )  i n d i c a t e d  t h a t  t h e  MKJ and 
o t h e r  methods examined i n  t he  present  i n v e s t i g a t i o n  d i d  no t  e x h i b i t  
s i g n i f i c a n t  d i f f e r e n c e s  i n  t h e  mean p r o t e i n  content  values. Houever, 
i t  uas osberved t h a t  t h e  mean p r o t e i n  content  f o r  Lou-pro te in  L ines  
obta ined by t h e  DBC method uas s l i g h t l y  h ighe r  than t h e  MKJ mean 
p r o t e i n  content  (Tab le  3) .  Th is  uas a l s o  apparent from t h e  
r e l a t i o n s h i p  between t h e  MKJ and DBC methods. The use o f  a  L inear  
reg ress ion  equa t i on  betueen DBC and MKJ p r o t e i n  va lues  over es t imated 
the  MKJ p r o t e i n  content  i n  t he  Lou-pro te in  Lines. However, t h e  use o f  
T a b l e  2. C o r r e l a t i o n  c o e f f i c i e n t s  and s t a n d a r d  e r r o r s  o f  e s t i m a t e  o f  
d i f f e r e n t  methods o f  p r o t e i n  (N x 6.25) e s t i m a t i o n  i n  
compar ison  w i t h  KKJ method f o r  low-, medium-, and h i g h  
p r o t e i n  c h i c k p e a  l i n e s  
C o r r e l a t i o n  c o e f f ' i c i e n t c  Standard e r r o r  o f  e s t i m a t e  
----------------------- .......................... 
Met hod Lou Medium High Lou Medium H igh  
______-_-_-_---------------------------------------------------------- 
MKJ vs  T A A  0.84 0.96 0.86 0.56 U.47 0.56 
MKJ vs  D B C ~  0.77 0.95 0.80 0.59 0.50 C.57 
MKJ vs  D B C ~  0.78 0.95 0.81 0.59 0.50 0.57 
MKJ vs  81 0.83 0.79 0.68 0.71 0.65 0.81 
MKJ vs 82 0.80 0.78 0.73 0.54 0.73 7-02  
...................................................................... 
a L i n e a r  r e g r e s s i o n  e q u a t i o n .  b C u r v i l i n e d r  r e g r e s s i o n  e q u a t i o n .  
c A L L  v a l u e s  s i g n i f i c a n t  a t  1% Level .  
new c o n v e r s i o n  t a b l e  based on d c u r v i l i n e a r  r e g r e s s s i o n  e q u a t i o n  
b e t u e e n  DBC and MKJ p r o t e i n  v a l u e s  s l i g h t l y  improved t h e  r e s u l t s  
( T a b l e  3 ) .  A r e g r e s s i o n  e q u a t i o n  be tueen  Log DBC r e d d i n g  and MKJ 
p r o t e i n  v a i u e s  uas c a l c u l ~ t e a  arid t h e r e  was no s i g n 1  t i c a r i t  d i f f e r e n c e  
between t h e  p r o t e i n  v a l u e s  o b t a i n e a  by u s i n g  t h i s  e q u a t i o n  and t h o s e  
o b t a i n e d  by  u s i n g  t h e  c u r v i l i n e a r  r e g r e s s i o n  equa t ion .  
C o n s i d e r a b l e  v a r i a t i o n s  11.1 t h r  p r o t e i n  value;, p a r t i c u l a r l y  i n  
h i g h - p r o t e i n  l i n e s ,  were observed unen t h e  samples were a r ia l ysed  by 
b i u r e t  methods ~1 an0 02 ( T a b l e  L ) .  Tb,is was a l s o  r e f l e c t e a  i n  t h e  
Louer c o r r e l a t i o n  obtained oetueen these  methods and t h e  MKJ method 
( T a b l e  2 ) .  One reason  f o r  t h e  observe0 low c o r r e l a t i o n  be tueen  t h e  
two methods may be sue t o  t h e  poor  e x t r a c t i o n  o f  p r o t e i n  as a r e s u l t  
o f  u s i n g  propan-2-01 i n  t h e  b , u r e t  reagent  as d e s c r i b e d  below.  
Tab le  3. Mean p r o t e i n  c o n t e n t  ( N  x 6.25) o f  d i f f e r e n t  g r o u p s  o f  
c h i c k p e a  L i n e s  as d e t e r m i n e d  by TAA,  DBC, and MKJ methods 
Mean p r o t e i n  conen t  (XI 
Met hod 
TAA 
Lou Ned i um High  T o t a l  
n=56 n=49 n=45 n=150 
L.S.D. ( 5 % )  0.43 0.61 0.51 0.85 
F i g u r e s  w i t h i n  t h e  p a r e n t h e s i s  i n d i c a t e  t h e  range o f  p r o t e i n  c o n t e n t  
i n  t h e  samples analyzed;  a  L i n e a r  r e g r e s s i o n  equa t ion ;  b  C u r v i l i n e a r  
r e g r e s s i o n  e q u a t i o n .  
3.1.1 E f f e c t  o f  d i f f e r e n t  concent  r a t i o n s  o f  propan-2-01 on p r o t e i n  
e x t r a c t i o n  i n  c h i c k o e a :  
I n  o r d e r  t o  s t u d y  t h e  e f f e c t  o f  d i f f e r e n t  c o n c e n t r a t i o n s  o f  
propan-2-oL on p r o t e i n  e x t r a c t i o n ,  1 0  m L  o f  1M KOH uas t a k e n  i n  each 
o f  t h e  100-mL v o l u m e t r i c  f  Lasks and, a f t e r  a d d i n g  10, 20, 30, 40, SO, 
and 60 m L  o f  propan-2-oL t o  t h e  r e s p e c t i v e  f l a s k s ,  t h e  f i n a l  volume 
uas made t o  100 m L .  F o u r t e e n  sub samples o f  200 mg each were 
d i s p e r s e d  i n  1  m i  o f  propan-2-oL. To each o f  t h e  two sub samples, 
T a b l e  4. Mean p r o t e i n  Con ten t  ( N  x  6.25) o f  d i f f e r e n t  g roups  o f  
c h i c k p e a  l i n e s  as e s t i m a t e d  by b i u r e t  methods (81 and 82) 
and MKJ method 
_-------------------------------------------------------------------- 
Mean P r o t e i n  Con ten t  ( X I  
............................................... 
Med i um Low Red i urn H igh  T o t a l  
n=42 n=49 n=43 n=134 
...................................................................... 
L.S.D. (5%) 0.70 0.66 0.61 0.90 
F i g u r e s  u i t h i n  t h e  p a r e n t h e s i s  i n d i c a t e  range o f  p r o t e i n  c o n t e n t  
i n  t h e  samples analyzed.  B1 M o d i f i e d  method o f  P inckney  (1961) .  
82 M o d i f i e d  method o f  Johnson 8 Craney (1971) .  
40 m l  KOH s o l u t i o n s  c o n t a i n i n g  a  d i f f e r e n t  c o n c e n t r a t i o n  o f  
propan-2-01 was added. F l a s k s  u e r e  shaken f o r  15  m in  u s i n g a  
m e c h a n i c a l  shaker .  A f t e r  c e n t r i f u g a t i o n  a t  3000 x g f o r  10 min, t h e  
p r o t e i n  c o n t e n t s  i n  t h e  s u p e r n a t a n t s  were d e t e r m i n e d  by t h e  MKJ 
method. The amount o f  N e x t r a c t e d  decreased as t h e  c o n c e n t r a t i o n  o f  
propan-2-01 i n c r e a s e d  (TabLe 5 )  b u t  a t  a c o n c e n t r a t i o n  o f  40% o r  less,  
t h e  e x t r a c t s  o b t a i n e d  a f t e r  c r n t r l t u g a t i o n  were no t  c l e a r ,  i n d i c a t i n g  
t h e  i n t e r f e r e n c e  o f  p igments  - r l  t h e  e x t  r a c t i o n  procedure.  
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Tab le  5 .  E f f e c t  o f  d i f f e r e n t  c o n c e n t r a t i o n s  o f  propan-2-o l  o n  
n i t r o g e n  e x t r a c t i o n  f r o m  c h i c k p e a  meala 
C o n c e n t r a t i o n  o f  
2-propan-01 ( v l v )  
X n i t r o g e n  
e x t r a c t e d  
z Mean o f  t u o  independent  d e t e r m i n a t i o n s  
E a r l i e r  w o r k e r s  have r e p o r t e d  t h a t  t h e  use o f  50% propan-2-01 i n  
b i u r e t  r e a g e n t s  p romoted  t h e  e x t r a c t i o n  o f  a l l  p r o t e i n s  f r o m  beans 
(Sodek e t  a l .  1976) .  H i g h e r  c o n c e n t r a t i o n s  o f  propan-2-01 f a v o r  t h e  
s o l u b i l i t y  o f  c e r e a l  seed p r o t e i n s  wh ich  c o n t a i n  Large amounts o f  
a l c o h o l - s o l u b l e  p r o t e i n  (Concon, 1973) .  T h i s  i s  n o t  t h e  case w i t h  t h e  
g r a i n  legumes wh ich  c o n t a i n  m o s t l y  s a l t - s o l u b l e  p r o t e i n s  and have v e r y  
l i t t l e  a l c o h o l - s o l u b l e  p r o t e i n .  I n  t h e  p r e s e n t  study, a l t h o u g h  t h e  
use o f  50% propan-2 -o l  e x t r a c t e d  o n l y  57% o f  n i t r o g e n  ( t h e  r e s u l t s  
u e r e  comparb le w i t h  MKJ va lues) ,  t h i s  may be a  f o r t u i t o u s  c o i n c i d e n c e .  
I t  u o u l d  seem t h a t  i n c o m p l e t e  p r o t e i n  e x t r a c t i o n  and i n t e r f e r e n c e  o f  
t a n n i n s  and o t h e r  pigments, i n  c o l o r i m e t r i c  assays a r e  t h e  t u o  main 
reasons  f o r  t h e  unsuitability o f  t h e  b i u r e t  method f o r  p r o t e i n  
e s t i m a t i o n  i n  ch ickpea .  
3.1.2 E f f e c t  o f  s h a k i n g  and p a r t i c l e  s i z e  on p r o t e i n  e s t i m a t i o n  i n  
c h i c k p e a :  
Some f a c t o r s  were i n v e s t i g a t e d  i n  e s t a b l i s h i n g  t h e  c o n d i t i o n s  f o r  
t h e  b i u r e t  (81) and DBC methods f o r  p r o t e i n  e s t i m a t i o n  i n  ch ickpeas .  
I n c r e a s i n g  t h e  s h a k i n g  t i m e  ( >  15 min) a t  room t e m p e r a t u r e  had n o  
measurab le  e f f e c t  on t h e  absorbance o f  c l a r i f i e d  e x t r a c t  f o r  b i u r e t  
method B1. W i t h  t h e  DBC method, read ings  i n c r e a s e d  c o n s i d e r a b l y  u p t o  
1 h r  o f  shaking, and f u r t h e r  m i x i n g  had no  measurable e f f e c t  on  t h e  
dye b i n d i n g  r e a d i n g  ( T a b l e  6 ) .  
T a b l e  6. E f f e c t  o f  s h a k i n g  on  p r o t e i n  e s t i m a t i o n  by DBC and b i u r e t  
methods i n  c h i c k p e a  
Shak ing  t i m e  
( m i n )  
P r o t e i n  
------------------ 
DBC B i u r e t  
a  P-1137; Average o f  two d e t e r m i n a t i o n s .  
F l o u r  o f  f i n e r  p a r t i c l e s  o f  c h i c k p e a  uas f o u n d  t o  g i v e  h i g h e r  
p r o t e i n  v a l u e s  b y  a l l  t h e  p r o c e d u r e s  t e s t e d  ( T a b l e  7).  D i f f e r e n c e s  i n  
p r o t e i n  v a l u e s  e s t i m a t e d  by t h e  b i u r e t  (B1) and DBC methods u e r e  
g r e a t e r  t h a n  MKJ and T A A  va lues .  DBC r e s u l t s  o b t a i n e d  b e t u e e n  20 and 
60-mesh s c r e e n  samples were i n  good agreement w i t h  t h e  MKJ method. 
But i n  t h e  case o f  t h e  m o d i f i e d  b i u r e t  method, 40 and 60-mesh sampies 
p roduced  r e s u l t s  i n  good agreement w i t h  MKJ v a l u e s .  As i t  would be 
i m p r a c t i c a b l e  t o  g r i n d  a l l  samples t o  a  v e r y  f i n e  p a r t i c l e  s ize,  i t  
would be c o n v e n i e n t  f r o m  t h e  p o i n t  o f  energy  and t i m e  c o n s i d e r a t i o n  t o  
use a  p a r t i c l e  s i z e  o f  40-60 mesh f o r  r o u t i n e  s c r e e n i n g  o f  l a r g e  
numbers o f  samples. 
TabLe 7. E f f e c t  o f  p a r t i c l e  s i z e  on  p r o t e i n  e s t i m a t i o n  i n  c h i c k p e a  by  
f o u r  methodsa 
P a r t i c l e  s i z e  (mesh) 
..................................................... 
Met hod 10 20 40 60 80 100 
------------------- p r o t e i n  ( X )  ..................... 
MK J 16.2 16.3 16.1 16.4 17.3 17.3 
T A A  16.3 16.8 16.7 16.5 17.2 17.7 
DBC 14.1 16.3 16.2 16.3 18.3 18.7 
8 1 8.0 11.9 15.7 16.8 20.7 21.3 
Mean o f  two  independent  d e t e r m i n a t i o n s .  B1 M o d i f i e d  b i u r e t  method 
o f  P inckney  (1961 1. 
3.1.3 I n t e r f e r e n c e  o f  seed c o a t  p igments  i n  p r o t e i n  e s t i m a t i o n  i n  
c h i c k p e a :  
To s t u d y  t h e  i n f l u e n c e  o f  seed c o a t  p igments  on p r o t e i n  
e s t i m a t i o n ,  who le  seed and d h a l  samples from t e n  c u l t i v a r s  each h a v i n g  
d i f f e r e n t  seed c o a t  c o l o u r s  were ana lysed  by t h e  b i u r e t  (01)  p r o c e d u r e  
and DBC method. The v a l u e s  were compared w i t h  MKJ v a l u e s  ( T a b l e  8 ) .  
R e s u l t s  o f  p r o t e i n  a n a l y s e s  d i a  n o t  show any i n t e r f e r e n c e s  due t o  seed 
Tab le  8. E f f e c t  o f  seed-coat p igments  on p r o t e i n  e s t i m a t i o n  i n  
c h i c k p e a  by DBC, B i u r e t  (81)  and MKJ methodsa 
...................................................................... 
C u l t i v a r  100- C o l o r  Seed P r o t e i n  ( % )  
seed coat  ......................................... 
u t  ( g )  ( %  MKJ DBC B i u r e t  (81 ) 
---------------- ----------- ----------- 
Seed Whole- Dhal Wnoie- DhaL Whole- Dhal  
 oat - seea  -3eed -seed 
---------------------------------------------------------------------- 
NP-34 12.5 Whi te  15.1 3.1 16.3 18.6 16.8 18.9 16.1 18.5 
L-550 20.1 Salmon 4.5 5 . 5  18.8 19.5 19.6 2'0.3 18.8 19.6 
w h i t e  
G-130 13.7 Ye l low 14.5 4.3 20.9 24.6 20.7 25.0 20.7 24.0 
brown 
Kaka 10.7 B l a c k  16.0 5 . 7  16.9 20.5 16.4 20.0 16.9 20.1 
a Mean o f  two  d e t e r m i n a t i o n s  
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coa t  p igments.  The d i f f e r e n c e s  i n  t h e  p r o t e i n  c o n t e n t  o f  whole-seed 
and d h a l  samples seemed t o  be r e l a t e d  t o  d i f f e r e n c e s  i n  seed c o a t  o f  
t h e  sample. T h i s  o b s e r v a t i o n  uas c o n f i r m e d  by compar ing t h e  r e s u l t s  
o f  t h e s e  t u o  methods u i t h  t h e  MKJ method i n  w h i c h  seed c o a t  p igment  
d i d  n o t  i n t e r f e r e  i n  t h e  e s t i m a t i o n  o f  p r o t e i n  c o n t e n t .  For example, 
i n  t h e  case o f  BEG-482 ( y e l l o w - b r o u n )  c u l t i v a r s ,  uho le -seed  and d h a l  
samples d i f f e r e d  s i g n i f i c a n t l y  i n  t h e i r  p r o t e i n  c o n t e n t s  (5.1%) and 
t h e  seed c o a t  c o n t e n t  o f  BEG-482 was 17.5%. I n  L-550 (sa lmon w h i t e )  
c u l t i v a r ,  t h e  d i f f e r e n c e  b e t u e e n  whole seed and d h a l  p r o t e i n  uas s m a l l  
(0.7%) and L-550 had o n l y  4.5% o f  seed coa t .  T h i s  i n d i c a t e s  :hat t h e  
seed coat,  wh ich  i s  i n v e r s e l y  r e l a t e d  t o  seed we igh t  a f f e c t s  t h t  
p r o t e i n  c o n t e n t  o f  u h o l e  c h i c k p e a  samples. 
To conclude, i t  i s  sugges ted  t h a t  TAA p r o c e d u r e  f o r  t h e  
d e t e r m i n a t i o n  o f  p r o t e i n  s h o u l d  be used i n  a  b r e e d i n g  program f o r  
s c r e e n i n g  purpose  as t h e  r e s u l t s  o b t a i n e d  u i t h  t h e  TAA p r o c e d u r e  were 
p r e c i s e  and h i g h l y  c o r r e l a t e d  u i t h  MKJ v a l u e s .  As an a l t e r n a t i v e ,  
uhere  TAA f a c i l i t y  i s  n o t  a v a i l a b l e ,  t h e  DBC p r o c e d u r e  can be adap ted  
f o r  t h e  e s t i m a t i o n  o f  p r o t e i n  c o n t e n t .  The i n c o m p i e t e  p r o t e i r  
e x t r a c t i o n  and t h e  i n t e r f e r e n c e  o f  t a n n i n s  and o t h e r  p igments  i n  
c o i o r i m e t r i c  assays a r e  t h e  two ma in  reasons  f o r  t h e  u n s u i t a b i i i t y  o f  
b i u r e t  methods f o r  p r o t e i n  e s t i m a t i o n  i n  ch ickpea .  
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3.2 Dha l  p r o t e i n  c o n t e n t  as i n f l u e n c e d  by methods o f  seed c o a t  remova l  
i n  c h i c k p e a :  
Most o f  t h e  l a b o r a t o r i e s  d e t e r m i n e  p r o t e i n  c o n t e n t  i n  e i t h e r  
who le  seed o r  d h a l  sample depending on  t h e  p r i o r i t y ,  a c c u r a c y  and 
r a p i d i t y  o f  t h e  a n a l y s i s .  A l though  we have c a r r i e d  o u t  t h e  p r o t e i n  
a n a l y s i s  u s i n g  whole seed samples o f  ch ickpea,  we d e t e r m i n e d  t h e  
e f f e c t  o f  methods o f  seed coa t  removal on  t h e  p r o t e i n  v a l u e s  o f  d h a l  
samples. Seed c o a t  i s  g e n e r a l l y  removed f rom t h e  seed by f o l  l o w i n g  
wet and d r y  methods. I n  case o f  wet method seeds a r e  soaked i n  u a t e r  
T a b l e  9. E f f e c t  o f  t h e  methods o f  seed coa t  removal  on  d h a l  
p r o t e i n  c o n t e n t  i n  ch ickpea  
C u l t i v a r  Dry method Wet methodc(soak ing  temp.) 
........................ .......................... 
c o n t r o i a  B a r l e y  p e a r l e r b  S O C  2 5 O c  
DhaL P r o t e i n  ( X )  
G-130 21.45 
A n n i g e r i  18.54 
L-550 17.83 
850-3/27 20.62 
Values  w i t h i n  p a r e n t h e s i s  a r e  p r o t e i n  percen tages  Los t  i r ~  s o a k i n g  
u a t e r .  a  U i t h o u t  s o a k i n g  seed c o a t  was removed m a n u a l l y  u s i n g  
fo rceps ;  b W i t h o u t  s o a k i n g  seed c o a t  was removed u s i n g  B a r l e y  
P e a r l e r ;  c  A f t e r  s o a k i n g  f ~ r  16  n r  seed coa t  was removed m a n u a l l y  
u s i n g  f o r c e p s .  
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p r i o r  t o  seed coa t  removal  whereas i n  d r y  method t h i s  s t e p  i s  not 
f o l l o w e d .  Seed coa t  was removed m a n u a l l y  by  s o a k i n g  the  seeds a t  c a l d  
t e m p e r a t u r e  ( 5 ' ~ )  and a t  room t e m p e r a t u r e  ( 2 S 0 c ) .  Seed c o a t  was a l s o  
removed m a n u a l l y  and by 13arley P e a r L e r  w i t h o u t  s o a k i n g  t h e  seed. A 
compar ison  o f  p r o t e i n  v a l u e s  o b t a i n e d  o n  d h a l  p r e p a r e d  by d i f f e r e n t  
methods i s  g i v e n  i n  T a b l e  9. The n e g l i g i b l e  amount o f  n i t r o g e n  was 
l o s t  when seeds were soaked a t  5 % .  More n i t r o g e n  was L o s t  i n  case o f  
s o a k i n g  a t  room t e m p e r a t u r e  and t h i s  c o u l d  be due t o  an  i n c r e a s e d  
s o l u b i l i t y  o f  p r o t e i n s  a t  h i g h e r  tempera tu re .  The a n a l y s i s  o f  s o a k i n g  
wate r  f o r  n i t r o g e n  c o n t e n t  a l s o  r e v e a l e d  such d i f f e r e n c e s .  Seed c o a t  
removal  by  B a r l e y  PearLer  was n o t  found  s a t i s f a c t o r y  as i t  r e s u l t e d  i n  
a n o t i c e a b l e  r e d u c t i o n  i n  p r o t e i n  v a i u e s  o f  d h a l  sample. T h i s  m i g h t  
have been due t o  t h e  removal  o f  p r o t e i n  r i c h  p e r i p h e r a l  Layers o f  
c o t y l e d o n s  by t h e  a b r a s i v e  a c t i o n  o f  t h e  r o l l e r  i n  B a r l e y  PearLer .  
However, t h e  r e s u l t s  sugges t  t h a t  s o a k i n g  o f  seed a t  low t e m p e r a t u r e  
may be f o l l o w e d  f o r  p r o t e i n  a n a l y s i s  on  d h a l  samples i n  ch ickpea.  
3.3 N o n p r o t e i n  n i t r o g e n  (NPN) and t o t a l  n i t r o g e n  i n  ch ickpea :  
I n  t h e  normal  p r o c e d u r e  f o r  e s t i m a t i n g  p r o t e i n  i n t a k e ,  n i t r o g e n  
c o n t e n t  i s  o b t a i n e d  by t h e  s t a n d a r d  m i c r o - K j e l d a h l  method and a  f a c t o r  
i s  used t o  c o n v e r t  t h e  f i g u r e  i n t o  p r o t e i n  percen tage .  
I n  t h i s  process, i t  i s  t a c i t l y  assumed t h a t  a l l  t h e  n i t r o g e n  i s  
a s s o c i a t e d  w i t h  t h e  p r o t e i n .  But i n  fac t ,  t h i s  i s  n o t  t w e .  
T h e r e f o r e  any l a r g e  v a r i a t i o n  i n  NPN c o n t e n t  would a f f e c t  t h e  
e s t i m a t e d  p r o t e i n  o f  t h e  sample and wou ld  c o n s e q u e n t l y  a t f e c t  t h e  
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e s t i m a t e d  p r o t e i n  i n t a k e  i n  t h e  d i e t .  Houever, some o f  t h e  NPN 
p r o b a b l y  c o n s i s t s  o f  amino a c i d s  and peptides which  vould be u t i l i z e d .  
E x p e r i m e n t s  were conduc ted  t o  d e t e r m i n e  t h e  v a r i a t i o n ,  i f  any, t h a t  
m i g h t  e x i s t  i n  c h i c k p e a  samples and t o  i d e n t i f y  t he  r e l a t i o n s h i p  
between NPN and c rude  p r o t e i n  n i t r o g e n  i n  ch ickpea.  
From t h e  c h i c k p e a  germplasm l i n e s  grown a t  ICRISAT Cente r  d u r i n g  
1975-76 and a n a l y s e d  f o r  p r o t e i n  c o n t e n t  i n  our  l a b o r a t o r y ,  9 8  
a c c e s s i o n s  w i t h  a  wide range i n  crude p r o t e i n  were s e l e c t e d  f o r  t h i s  
s tudy .  Whole-seed samples were yround t o  a  f i n e  meal (60-mesh s i e v e )  
and oven  d r i e d  a t  7 0 ' ~  o v e r n i g h t .  D i r e c t  e x t r a c t i o n  o f  meal NPN u s i n g  
d i f f e r e n t  t r i c h l o r o a c e t i c  a c i d  (TCA) c o n c e n t r a t i o n s  (1,5,10,15 and 
20%) and 80% e thano l ,  mas c a r r i e d  ou t  on t h e  sample i n  o r d e r  t o  
d e t e r m i n e  t h e  v a r i a b i l i t y  i n  t h e  amount o f  n i t r o g e n  e x t r a c t e d .  
T a b l e  10. E f f e c t  o f  ethanol. and TCA on N s o l u b i l i t y  o f  c h i c k p e a  meala 
N o n p r o t e i n  n i t r o g e n  
a s  X of  
S o l v e n t  Concn % MeaL T o t a l  n i t r o g e n  
----------------------------------------------------- 
E t h a n o l  ( v l v )  80 0.12 3.69 + C . 2 2  
T C A  ( u l v j  1 0.57 16.92 + 0.44 
5 0.33 9.58 + 0.38 
1 0  0.23 6.86 2 0.11 
1: 0.27 7.97 _t 0.26 
2 0 0.29 8.58 + 0.18 
a  D e f a t t e d  whole-seed sample o f  c h ~ c k p e a  (cv .  G-130). Mean o f  
e i g h t  d e t e r m i n a t i o n s .  
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Five-hundred mg o f  t he  sample dispersed i n  1 5  m l  so l ven t  were shaken 
i n  a  c e n t r i f u g e  b o t t l e ,  u s i n g  a  r e c i p r o c a t i n g  shaker f o r  1 h r  a t  roan 
temperature. The i n s o l u b l e  m a t e r i a l  was sedimented by c e n t r i f u g a t i o n  
(12,000 g f o r  15 min). Residue 'was mashed t w i c e  w i t h  t h e  so l ven t  w i t h  
1 /2  h r  shaking each t ime  and then  c e n t r i f u g e d  t o  separate t h e  
i n s o l u b l e  m a t e r i a l .  The supernatants  were combined and f i n a l  volume 
was made up t o  25 m l .  N i t r o g e n  content  i n  t h e  meal sample and i n  t h e  
supernatants  was determined by t h e  s tandard  m ic ro -K je ldah l  procedure, 
To determine the  l e v e l s  o f  NPN i n  d i f f e r e n t  germplasm Lines, TCA 
concen t ra t i on  o f  10% (w/v) was used. E x t r a c t i o n  procedure was same as 
descr ibed above. I t  was observed t h a t  f u r t h e r  e x t r a c t i o n  o f  the 
res idue w i t h  TCA d i d  n o t  y i e l d  any a d d i t i o n a l  s o l u b l e  n i t r o g e n ,  
At tempts were a l s o  made t o  f i n d  out  t he  amount o f  p r o t e i n  n i t r o g e n  
s o l u b i l i z e d  by 10% TCA u s i n g  t h e  b i u r e t  procedure. 
TCA e x t r a c t e d  more meal n i t r o g e n  than e thano l  (Table 10). 
However, i t  i s  a l s o  apparent  from Table 10 t h a t  concen t ra t i ons  o f  1 
and 5% TCA e x t r a c t e d  h i g h e r  meal n i t r o g e n  than d i d  10% TCA. 
Presumably, Lower concen t ra t i ons  o f  TCA e x t r a c t e d  p r o t e i n s  i n  a d d i t i o n  
t o  NPN from the  meal. I n  o rde r  t o  f i n d  ou t  whether t h e  Lower 
concen t ra t i ons  o f  TCA had e x t r a c t e d  pro te ins ,  t he  a l i q u o t s  o f  1 and 5% 
TCA e x t r a c t s  were ad jus ted  t o  a f i n a l  TCA c o n c e n t r a t i o n  o f  about 10% 
( w / v ) .  As a  resu l t ,  p r o t e i n s  were p r e c i p i t a t e d  from the  ex t rac t s ,  
i n d i c a t i n g  t h a t  the  Lower c o n c e n t r a t i o n  o f  TCA e x t r a c t e d  p r o t e i n s  as  
w e l l  as NPN from t h e  f l o u r  meal. I n  t h i s  study, e x t r a c t i o n  o f  t h e  
meal w i t h  TCA concen t ra t i ons  up t o  10% d i d  no t  cause p r o t e i n  
hyd ro l ys i s ,  as shown by decreas ing s o l u b i l i t y  o f  meal n i t r ogen .  
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S l i g h t l y  h i g h e r  vaLues f o r  HPN mere observed when 20% TCA 
c o n c e n t r a t i o n  was used  ( T a b l e  10) .  E x t r a c t i o n  o f  more n i t r o g e n  by 20% 
TCA does n o t  n e c e s s a r i l y  mean t h a t  h y d r o l y s i s  occur red .  T h i s  may a l s o  
i n d i c a t e  t h a t  pe rhaps  t h e  p r o t e i n s  a r e  s o l u b l e  a t  TCA c o n c e n t r a t i o n s  
above 10%. 
Hav ing  examined t h e  e f f e c t s  o f  d i f f e r e n t  c o n c e n t r a t i o n s  o f  TCA o n  
n i t r o g e n  s o l u b i l i t y  of ch ickpea  meal, we made f u r t h e r  a t t e m p t s  t o  
d e t e r m i n e  t h e  amount o f  p r o t e i n  n i t r o g e n  s o l u b i l i z e d  by 10% TCA. As 
ment ioned  e a r l i e r ,  t h e  r e s i d u e  and s u p e r n a t a n t  o b t a i n e d  a f t e r  10% TCA 
t r e a t m e n t  were a n a l y s e d  f o r  t h e i r  p r o t e i n  c o n t e n t  by t h e  b i u r e t  
p r o c e d u r e  and f o r  t o t a l  n i t r o g e n  by t h e  m i c r o - K j e l d a h l  p rocedure .  I t  
was observed  t h a t  o n l y  3% o f  t h e  t o t a l  p r o t e i n  was s o l u b i l i z e d  by 10% 
TCA w h i l e  10.5% o f  t o t a L  n i t r o g e n  o f  t h e  meal wds found  i n  t h e  
s u p e r n a t a n t .  A p o s i t i v e  r e a c t i o n  i s  o b t a i n e d  w i t h  t h e  b i u r e t  r e a g e n t  
even  w i t h  s m a l l  p e p t i d e s .  There fo re ,  smaLL p e p t i d e s  may be p r e s e n t  as 
such i n  m a t u r e  c h i c k p e a  seeds. As a n e g l i g i b l e  amount o f  p r o t e i n  
( p e p t i d e s )  was d i s s o l v e d  by 10% TCA, i t  car' be conc luded  t h a t  t h e  
v a l u e s  o b t a i n e d  by d i r e c t  e x t r a c t i o n  u s i n g  10% T C A  r e p r e s e n t  t h e  NPN 
o f  t h e  meal. 
Based on  t h e  r e s u l t s  o f  t h i s  i n v e s t i g a t i o n ,  a TCA c o n c e n t r a t i o n  
o f  10% ( w / v l ,  a t  wh ich  n i t r o g e n  s o l u b i l i t y  was observed  t o  be min imal ,  
was employed f o r  t h e  e x t r a c ? i o n  o f  NPN i n  germplasm samples. The 
means and ranges  o f  t o t a l  meal n i t  roger1 and NPN i n  98 qermplasm ! i n e s  
o f  c h i c k p e a  a r e  p r e s e n t e d  i n  Tab ie  11. TotaL meal n i t r o q e n  i n  t h e s e  
l i n e s  v a r i e d  between 2.43 and 4 . 8 5 % ,  whereas NPN as percen tage  o f  t h e  
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Tab le  11. C o r r e l a t i o n  c o e f f i c i e n t s  ( r)  between t o t a l  n i t r o g e n  
and n o n p r o t e i n  n i t r o g e n  i n  n i n e t y - e i g h t  germplasm 
a c c e s s i o n s  o f  c h i c k p e a  
Component Range Mean r 
( o f  X t o t a l  N) 
T o t a l  N  as % o f  meal 2.43 - 4.85 3.58 - 
NPN as  % o f  meal 0.16 - 0.73 0.36 0.80Za 
NPN as  X o f  t o t a L  N  5.84 - 16.48 9.84 0 . 4 6 8 ~  
a  S i g n i f i c a n t  a t  t h e  1% Leve l .  
sample v a r i e d  between 0.16 and 0.73. A p o s i t i v e  and h i g h l y  
s i g n i f i c a n t  c o r r e l a t i o n  (r=0.80) was o b t a i n e d  between p e r c e n t a g e  o f  
t h e  t o t a l  meal n i t r o g e n  and p e r c e n t a g e  o f  t h e  NPN o f  t h e  meal. On t h e  
o t h e r  hand, when expressed  as p e r c e n t a g e  o f  t h e  meal n i t r o g e n  NPN 
v a r i e d  between 5.84 and 16.48 and showed a  l o w e r  b u t  a p p r e c i a b i e  
c o r r e l a t i o n  (r=0.47) w i t h  t h e  p e r c e n t a g e  o f  t h e  t o t a l  n i t r o g e n  i n  t h e  
meal. There fo re ,  whe ther  expressed  e i t h e r  as p e r c e n t a g e  o f  t h e  meal 
o r  as p e r c e n t a g e  o f  t h e  t o t a l  n i t r o g e n  NPN i n c r e a s e d  when t h e  t o t a l  
n i t r o g e n  o f  t h e  meal i n c r e a s e d .  I t  i s  e v i d e n t  f rom t h e s e  r e s u i t s  t h a t  
a l l  n i t r o g e n  p r e s e n t  i n  c h i c k p e a  i s  n o t  a s s o c i a t e d  w i t h  seed p r o t e i n ,  
s u g g e s t i n g  t h a t  NPN has t o  be t a k e n  i n t o  accoun t  i f  t o t a l  p r o t e i n  
c o n t e n t  i s  t o  be measured a c c u r a t e l y .  
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4. R e s u l t s  o b t a i n e d  w i t h  p igeonpea 
4.1 A compar ison  o f  d i f f e r e n t  ne thods  o f  p r o t e i n  e s t i m a t i o n  f o r  
p igeonpea:  
F o r  t h i s  study, t h e  seed samples f r o m  a b r e e d e r s '  t r i a l  
c o m p r i s i n g  7 e a r l y ,  14  medium and 22 L a t e  c u l t i v a r s  i n  a randomized 
b l o c k  d e s i g n  w i t h  f o u r  r e p l i c a t e s  and samples f rom 83 germplasm l i n e s  
were used. They were grown a t  ICRISAT Center, Pata, icheru ( n e a r  
Hyderabad) d u r i n g  t h e  1977-78 and 1978-79 r a i n y  seasons, r e s p e c t i v e l y .  
The w e i g h t  o f  1 0 0  seeds uas de te rmined  f o r  each c u l t i v a r  and who le  
g r a i n  and d h a l  samples were analysed.  DhaL samples u e r e  p r e p a r e d  by 
s o a k i n g  t h e  whole seeds i n  d i s t i l l e d  wa te r  o v e r n i g h t  a t  5 '~ .  Excess 
w a t e r  was decan ted  and seed c o a t s  u e r e  removed f rom t h e  seeds 
manua l l y .  The whole g r a i n ,  seed coat,  and d h a l  f r a c t i o n s  were d r i e d  
a t  7 0 ' ~  o v e r n i g h t  i n  an oven and t h e n  weighed. Samples u e r e  g round  i n  
a Udy c y c l o n e  m i l l  t o  pass t h r o u g h  a 0.4 mm s i e v e .  
The ranges  and means o f  t h e  p r o t e i n  c o n t e n t  o f  t h e  d i f f e r e n t  seed 
components o f  t h e  43 c u l t i v a r s  f r o m  t h e  b r e e d e r s '  t r i a l  d e t e r m i n e d  by 
t h e  MKJ method a r e  shown i n  Tab le  12 .  Seed  oat c o n t e n t  ranged 
between 13.2 and 18.9% and 1 0 0 - g r a i n  we igh t  v a r i e d  f rom 6.3 t o  13.9 i n  
t h e s e  c u l t i v a r s .  A n e g a t i v e  and h l g h l y  s i g n i f i c a n t  c o r r e l a t i o n  
( r =  -0.80**) was o b t a i n e d  between t h e  g r a i n  we igh t  and seed-coat  
c o n t e n t .  I n d i v i d u a l  r e s u l t s  o f  a n a i y s l s  o f  each o f  t h e  c u l t i v a r  a r e  
g i v e n  i n  Appendix  3. P r o t e i n  c o n t e n t  v a r i e d  between 17.9 and 24.3% 
f o r  who le  g r a i n  and between 21.1 dnd 28.1% f o r  dnaL samples. On an 
average, d h a l  p r o t e i n  was found t o  be 3.1 l n l t c  h i n h p r  t h a n  t h e  u h n l p  
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Table 12. Ranges and means o f  components o f  pigeonpeea 
Cons t i t uen t  M i  n  Max Mean C o r r e l a t i o n  w i t h  
100-grain w t  
Seed coat  ( X I  13.2 18.9 15.5 -0.80- 
P r o t e i n  con ten tb  ( 2 ) :  
Seed coat  4.5 6 .4  5.4 0.20 
Whole g r a i n  17.9 24.3 21.2 0.1 6 
Dhal: 
a  Based on an a n a l y s i s  o f  43 c u l t i v a r s ;  b  MKJ values; 
c Using t h e  equat ion :  Pd = Pux100-PscxSc/lOO-Sc; 
d Using a  l i n e a r  m u l t i p l e  r e g r e s s i o n  equa t i on  (see t e x t ) ;  
** S i g n i f i c a n t  a t  1% Level. 
g r a i n  p r o t e i n  content .  Al though the  d i f f e r e n c e s  between c a l c u l a t e d  
and observed dha l  p r o t e i n  va lues  existed,  they  were no t  s t a t i s t i c a l l y  
s i g n i f i c a n t .  The c a l c u l a t e d  mean va lues  f o r  dha l  p r s t e i n  content  uere  
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l e s s  t h a n  t h e  o b s e r v e d  va lues .  The p r o t e i n  v a l u e s  o f  u h o l e  seed night 
have been u n d e r e s t i m a t e d  because o f  t h e  p resence  of  seed coat .  No 
s i g n i f i c a n t  c o r r e l a t i o n  between p r o t e i n  c o n t e n t  and g r a i n  w e i g h t  f o r  
t h e s e  c u l t i v a r s  was osberved. T h i s  was a l s o  c o n f i r m e d  when 83 
germplasm L i n e s  w i t h  a v i d e  range i n  1 0 0 - g r a i n  w e i g h t  (4.9 t o  21 . I  g) 
were a n a l y s e d  f o r  p r o t e i n  c o n t e n t  by t h e  T A A  method. P r o t e i n  c o n t e n t  
and 1 0 0 - g r a i n  w e i g h t  o f  t h e s e  l i n e s  a r e  shown i n  Appendix 4. 
The p r o t e i n  v a l u e s  o b t a i n e d  by t h e  TAA and DBC methods were 
compared w i t h  t h o s e  o f  t h e  MKJ method u s i n g  t h e  r e s u l t s  o b t a i n e d  f o r  
t h e  43 c u l t i v a r s  f r o m  t h e  b r e e d e r s '  t r i a l .  Tab le  13 i l l u s t r a t e s  t h e  
c o r r e l a t i o n  c o e f f i c e n t s  and s t a n d a r d  e r r o r s  o f  t h e  e s t i m a t e s  between 
MKJ, T A A  and DBC methods. The MKJ p rocedure  was found t o  be 
p o s i t i v e l y  and s i g n i f i c a n t l y  c o r r e l a t e d  w i t h  TAA p r o c e d u r e  f o r  t h e  
u h o l e  g r a i n  (r=0.95) and d h a l  ( r=0.97)  p r o t e i n .  
C o r r e l a t i o n  o f  t h e  v a l u e s  o f  MKJ method w i t h  t h o s e  o f  t h e  DBC 
method was 0.87 f o r  whole g r a i n  and 0.94 f o r  d h d l  samples. ALSO, t h e  
s t a n d a r d  e r r o r  o f  e s t i m a t e  uas h i g h e r  f o r  u h o l e - g r a i n  (r=0.83) as 
compared t o  d h a l  samples ( r=0.70) .  T h i s  d i f f e r e n c e  c o u l d  be due t o  
t h e  i n t e r f e r e n c e  o f  seed coa t  p igments  i n  DBC method. When t h e  
u h o L e - g r a i n  and d h a l  samples each c o n t a i n i n g  about  equaL p r o t e i n  
c o n t e n t  were a n a l y s e d  i t  uas observed t h a t  t h e  seed c o a t  absorbed scme 
o f  t h e  dye r e s u l t i n g  i n  h i g h e r  DBC v a l u e s  r e a d i n g  
( p e r c e n t  t r a n s m i s s i o n )  i n  t h e  case o f  uhoLe g r a i n  samples. 
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Table 13. Comparison o f  methods o f  p r o t e i n  e s t i m a t i o n  f o r  whole-grain 
and dha l  samples o f  pigeonpea 
Met hod C o r r e l a t i o n  Standard e r r o r  Regression equa t i on  
c o e f f i c i e n t  , o f  es t ima te  
( X   rotei in) 
p r o t e i n :  
MKJ vs TAA 0.95** 
MKJ vs DBC 0.87** 
2. Dhal p r o t e i n :  
MKJ v s  TAA 0.97** 
MKJ vs DBC 0.94** 
** S i g n i f i c a n t  a t  1% Level. 
4.1.1 Factors  t h a t  a f f e c t  t h e  p r o t e i n  e s t i m a t i o n  by t h e  DBC method i n  
pigeonpea: 
The e f f e c t s  o f  d u r a t i o n  o f  mixing, f l o u r  p a r t i c l e  size, and 
temperature on p r o t e i n  va lues  o f  uho le  g r a i n  and dhaL samples o f  t u o  
c u L t i v a r s  es t ima ted  by t h e  DBC method uere  i nves t i ga ted .  I t  mas found 
t h a t  the  smalLer s i z e  f l o u r  p a r t i c l e  (40-mesh) sample had a  h i g h e r  
p r o t e i n  content  compared t o  a  20-mesh sample (Tab le  14), i n d i c a t i n g  
the  e f f e c t  o f  i n t e r a c t i o n  o f  f i n e l y  ground m a t e r i a l s .  D i f f e r e n t  
d u r a t i o n s  of m ix ing  d i d  n o t  s i g n i f i c a n t l y  a f f e c t  t he  p r o t e i n  va lues  
a l t hough  the  p r o t e i n  percentage increased w i t h  longer  m ix ing  t ime  
(Table 14) .  Such v a r i a t i o n  among t h e  c u l t i v a r s  might  a l s o  a f f e c t  t he  
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T a b l e  1 4 .  E f f e c t  o f  f l o u r  p a r t i c l e  s i z e  and t i m e  o f  mixing on protein 
e s t i m a t i o n  by DBC method i n  p igeonpeaa 
C u l t i v a r  P a r t i c l e  mesh s i z e b  T i m  o f  m i x i n g  ( m i n I c  
--------------- --------------------------- 
2 0 40 60 15 30 60 90 120 
P r o t e i n  X 
Whole g r a i n :  
HY-3C 18.5 19.5 20.3 19.8 20.1 19.7 19.9 19.9 
G u a l i o r - 3  19.2 22.7 23.1 22.5 22.8 23.1 23.4 23.4 
Dha l :  
HY-3C 22.0 24.0 24.2 23.7 23.8 23.8 24.0 24.1 
G u a l i o r - 3  23.6 27.0 27.4 26.5 26.8 27.1 27.5 27.6 
...................................................................... 
a  Average o f  two e s t i m a t i o n s ;  b  M lxed  t o r  60 minutes; c 60-mesh 
samples. 
c o r r e l a t i o n  between t h e  MKJ and t h e  DBC method:. Houever, f o r  r o u t i n e  
s c r e e n i n g  i t  was osberved  t h a t  t h e  DBC r e s u l t s  o f  40 and 6 0  mesh 
samples u e r e  s i m i l a r  t o  t h e  MKJ value;. 
To t e s t  t h e  e f f e c t  o t  h e a t i n g  on p r o t e i r l  e s t i m a t i o n ,  whole g r a i n  
and d h a l  samples o f  t h r e e  c u l t i v a r ~  each were d r i e d  a t  70, 1 0 0 ,  and 
1 3 8 ~  f o r  24 ,  1 5 ,  and 2 hr, r e s p e c t i v e l y ,  and DBC v a l u e s  u e r e  o b t a i n e d  
on  t h e s e  samples. M o i s t u r e  p e r c e n t ~ g e s  Lost  due t o  v a r i o u s  t r e a t m e n t s  
u e r e  determined,  and v a l u e s  o b t a i n e d  on u n d r i e d  sampl-es were 
a p p r o p r i a t e l y  c o r r e c t e d  t o  o b t a i n  e s t i m a t e d  v a l u e s  ( T a b l e  1 5 ) .  
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Table 1 5 .  E f f e c t  o f  hea t i ng  on p r o t e i n  e s t i m a t i o n  by DBC method 
i n  pigoenpea 
-------------------------------------------------------------------- 
Sample t rea tment  
CuL t i va r  Component Fresh w t  7 0 ' ~  f o r  1 0 $ ~  f o r  1 3 0 0 ~  f o r  
b a s i s  24 h r  15 h r  2  h r  
HY-3C Whole g r a i n  21.8 23 .O 23 .O 23.0 
( 2 3 . 2 )  ( 2 3 . 3 )  ( 2 3 . 5 )  
Dhal 24 .0 25.2 25 .I 25.5 
( 2 5 . 4 )  ( 2 5 . 7 )  ( 2 5 . 9 )  
Whole g r a i n  23 .O 25.4 25.0 25.0 
( 2 4 . 6 )  ( 2 4 . 8 )  ( 2 5 . 0 )  
Dhal 25.5 27.2 26.8 27.2 
( 2 7 . 1 )  ( 2 7 . 3 )  ( 2 7 . 5 )  
Sharda Whole g r a i n  22.8 24.1 23.9 24.2 
( 2 4 . 3 )  ( 2 4 . 5 )  ( 2 4 . 6 )  
Dhal 24.8 26.6 26.2 26.3 
( 2 6 . 3 )  ( 2 6 . 6 )  ( 2 6 . 9 )  
...................................................................... 
Values w i t h i n  pa ren thes i s  a r e  the  es t ima ted  va lues  ob ta ined  by 
a p p l y i n g  t h e  mo is tu re  c o r r e c t i o n  t o  p r o t e i n  va lues  ob ta ined  on und r ied  
f r e s h  samples. 
Yhen determined by DBC method, o n l y  a  s l i g h t  v a r i a t i o n  i n  p r o t e i n  
va lues  uas observed due t o  heat ing.  Th is  suggests t h a t  heat  
t rea tments  as  descr ibed above may have no s i g n i f i c a n t  e f f e c t  on 
p r o t e i n  e s t i m a t i o n  by DBC method. 
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4.1.2 R e l a t i o n s h i p  between whole g r a i n  and dhaL p r o t e i n  c o n t e n t s  i n  
p i  geonpea : 
A p o s i t i v e  and s i g n i f i c a n t  c o r r e l a t i o n  (rr0.87) mas o b s e r v e d  
between t h e  w h o l e - g r a i n  and dhaL p r o t e i n  c o n t e n t s  d e t e r m i n e d  by t h e  
MKJ method ( T a b l e  161, w h i l e  t h e  T A A  and DBC mcthons e x h i b i t e d  
c o r r e l a t i o n  c o e f f i c i e n t s  o f  0.89 and 0.77, r e s p e c t i v e l y .  The 
r e l a t i v e l y  Lower c o r r e l a t i o n  c o e f f i c i e n t  o b t a i n e d  by t h e  DBC method 
c o u l d  be due t o  t h e  i n t e r f e r e n c e  o f  seed c o a t  p igments  i n  t h e  u h o l r  
g r a i n  samples. 
T a b l e  16. c o r r e l a t i o n  c o e f f i c i e n t  and s t a n d a r d  e r r o r  o f  e s t i m a t e  
between w h o l e - g r a i n  and d h a l  p r o t e i n  c o n t e n t  o b t a i n e d  
by MKJ, TAA and DBC methodsa 
Met hod C o r r e l a t i o n  b e t -  Standard e r r o r  H e g r e s s s i o n  E q u a t i o n  
ween w h o l e - g r d i n  uf e s t i m a t e  
and d h a l  p r o t e i n  ( X  p r o t e i n )  
MK J  0.87** 
TAA 0.89** 
DBC 0.77** 
a Based on  43 c u l t i v a r s  
The r e l a t i o n s h i p  between whoie-seed and d h a l  p r o t e i n  c o n t e n t  can 
be a f f e c t e d  by  t h e  percen tage  o f  seed c o a t ,  l t s  p r o t e i n  content ,  and 
g r a i n  we igh t .  The e f f e c t  o f  seed cod t  percen tage  and i t s  p r o t e i n  
c o n t e n t  were examined f o r  t h e  43 c u l t i v a r s  by c a l c u l a t i n g  t h e  e x p e c t e d  
p r o t e i n  c o n t e n t  of d h a l  a c c o r d i n g  t o  t h e  f 0 L L o u i n g  e q u a t i o n :  
Pd = PwxlOO-PscxSc/100-S~ where Pd, Pw, and Psc a r e  p e r c e n t a g e s  o f  
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dhal,  uho le -g ra in ,  and seed-coat p r o t e i n ,  r e s p e c t i v e l y ,  and Sc 
r e p r e s e n t s  t h e  p e r c e n t a g e  o f  seed c o a t  i n  the u h o l e  g r a i n  waples. 
The minimum, maximum, and mean v a l u e s  a r e  r e p o r t e d  i n  Table 9. The 
c a l c u l a t e d  d h a l  p r o t e i n  percen tages  d i f f e r e d  f r o m  t h e  observed  v a l u e s  
by 0.5 t o  8.7 p e r c e n t a g e  u n i t s .  
Fur ther ,  whole g r a i n  and d h a l  samples o f  a d i f f e r e n t  l o t  o f  83 
germplasm a c c e s s i o n s  w i t h  a  wide range i n  g r a i n  w e i g h t  were a n a l y s e d  
f o r  p r o t e i n  c o n t e n t  b y  t h e  T e c h n i c o n  a u t o  a n a l y s e r  ( T a b l e  14) .  The 
r e s u l t s  o f  p r o t e i n  a n a l y s i s  o f  t h e s e  l i n e s  a r e  g i v e n  i n  Appendix  4. 
The d i f f e r e n c e  i n  t h e  p r o t e i n  c o n t e n t  o f  whole g r a i n  and dhaL samples 
o f  t h e s e  L i n e s  v a r i e d  between 2.9 and 3.7 p e r c e n t a g e  u n i t s .  Whole 
g r a i n  and d h a l  p r o t e i n  v a l u e s  showed a  h i g h e r  c o r r e l a t i o n  c o e f f i c i e n t  
( ~ 0 . 9 3 )  f o r  t h e  medium g r o u p  as compared t o  t h a t  o f  low and h i g h  
g roups  t h u s  i n d i c a t i n g  a  v a r i a b i l i t y  i n  r e L a t i o n s h i p  among t h e  
d i f f e r e n t  g roups  ( T a b l e  1 4 ) .  A l s o  t h e  c o r r e l a t i o n  c o e f f i c i e n t  o f  a l l  
t h e  t h r e e  g roups  t o g e t h e r  was 0.87 i n d i c a t i n g  t h a t  about  76% v a r i a t i o n  
i n  d h a l  p r o t e i n  c o n t e n t  may be r e l a t e d  t o  t h e  whole seed p r o t e i n  
c o n t e n t .  I n  t h e  case o f  low group, o n l y  63% o f  v a r i a t i o n  i n  d h a l  
p r o t e i n  was a s s o c i a t e d  w i t h  t h e  v a r i a t i o n  i n  t h e  whole g r a i n  p r o t e i n ,  
and t h i s  m i g h t  be due t o  t h e  observed  n e g a t i v e  c o r r e l a t i o n  between t h e  
g r a i n  w e i g h t  and p e r c e n t a g e  o f  seed coa t .  
I n  an a t t e m p t  t o  f i n d  o u t  i f  t h e  c o r r e l a t i o n s  c o u l d  be improved 
by  t h e  use o f  v a r i a b l e s  L i k e  p e r c e n t a g e  o f  seed c o a t  and p r o t e i n  
p e r c e n t a g e  i n  seed coat, t h e  f o l l o w i n g  L i n e a r  m u l t i p l e  r e g r e s s i o n  
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T a b l e  17. R e l a t i o n s h i p  be tueen  t h e  p r o t e i n  c o n t e n t  o f  u h o l e - g r a i n  and 
dhaL samples i n  83 gernplasm access ions  a n a l y s e d  
b y  t h e  T e c h n i c o n  Au to  A n a l y s e r  
Group 100 g r a i n  P r o t e i n  ( X I  U n i t  d i f f e r e n c e  C o r r e l a t i o n  
wt  (g)  ----- --------- betueen  whole c o e f  f i c i e n p  
Whole g r a i n  Dhal seed and d h a l  
p r o t e i n  
---------------------------------------------------------------------- 
Med i um 9.6 21.5 24.9 3.4 0.93** 
( ~ 2 7 )  
H i g h  14.2 20.8 23.7 2.9 0.88** 
(n=28) 
T o t a l  10.3 21.2 24 -6  3.3 0.87** 
(n=83) 
Mean v a l u e s  and ranges  a r e  shown ir1 p a r e n t h e s i s .  a Between u h o l e  
g r a i n  and d h a l  p r o t e i n  c o n t e n t s .  * * S i y n ~ t i c a n t  a t  1% Leve l .  
e q u a t i o n  was o b t a i n e d  : Y = 0.92 + 1 . 1 4 ~ 1  - 0 . 2 2 ~ 2  + 0 . 1 9 ~ 3 ,  where x l ,  
and x2 and x 3  r e p r e s e n t  t h e  percen tages  o f  u h o l e  g r a i n  p r o t e i n ,  seed 
coa t  c o n t e n t  and seed c o a t  p r o t e i n ,  rt.spect. i v p l ~  y. A c o r r e l a t i o n  
c o e f f i c i e n t  of 0.92 uas o b t a i n e d  between t h e  u h o l e  g r a i n  and d h a l  
p r o t e i n  c o n t e n t .  As expected, a  s l i g h t  improvement i n  t h e  c o e f f i c i e n t  
between t h e s e  v a r i a b l e s  was achieves. Usinq t h i s  equa t ion ,  d h a l  
p r o t e i n  c o n t e n t  was c a l c u L a t e d  f o r  43 c u L t i v a r 5 ,  and t h e  minimum, 
maximum, and mean v a l u e s  a r e  r e p o r t e d  i n  Tab le  9. The c a l c u l a t e d  d h a l  
p r o t e i n  p e r c e n t a g e s  v a r i e d  f rom -1 .4  t o  3.7 f rom t h e  observed  v a l u e s .  
But  t h i s  e q u a t i o n  u i  L l  f l nc ,  1 ; t t l e  ,J:(. i r  a ~ c r e e n l r i y  program as i t  
i n v o l v e s  t h e  e s t i m a t i o n  o f  . j t r ~ e r  cornporienti a l s o .  
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To conclude, i t  may be menti ,oned t h a t  r a p i d  p r o c e d u r e  o f  TAA 
c o u l d  be used f o r  t h e  a n a l y s i s  o f  p r o t e i n  c o n t e n t  i n  p igeonpea  whole 
g r a i n  and d h a l  samples, w h i l e  t h e  DBC p r o c e d u r e  seems t o  be b e t t e r  
s u i t e d  t o  a n a l y s e  d h a l  samples o n l y .  C o n s i d e r i n g  t h e  c o s t  and 
s i m p l i c i t y  o f  t h e  DBC method i n  r e l a t i o n  t o  t h e  TAA method, a n a l y s i s  
o f  whole g r a i n  samples by  t h e  DBC method i s  sugges ted  where Large 
numbers o f  samples (eg. germplasm) a r e  i n v o l v e d  and where r a n k i n g  o f  
c u i t i v a r s  f o r  t h e i r  p r o t e i n  c o n t e n t  i s  more i m p o r t a n t  r a t h e r  t h a n  t h e  
a b s o l u t e  amount. Houever, i n  a  s e l e c t i o n  p r o c e d u r e  f o r  h i g h  p r o t e i n  
l i n e s  i n v o l v i n g  s m a l l e r  number o f  sampLes, a n a l y s i s  o f  d h a l  samples i s  
p r e f e r a b l e .  S m a l l  g r a i n s  gave a  l o w e r  c o r r e l a t i o n  between whole g r a i n  
and d h a l  p r o t e i n  c o n t e n t  and o v e r a l l  o n l y  76% o f  t h e  v a r i a t i o n  i n  dhaL 
p r o t e i n  c o u l d  be a t t r i b u t e d  t o  t h e  v a r i a t i o n  i n  whole g r a i n  p r o t e i n  
c o n t e n t .  
4.2 E s t i m a t i o n  o f  e r r o r  o f  p r o t e i n  d e t e r m i n a t i o n  i n  p igeonpea:  
An exper iment  was conduc ted  i n  c o o p e r a t i o n  w i t h  b r e e d e r s  and 
s t a t i s t i c i a n  f o r  e s t i m a t i n g  t h e  r e l a t i v e  i m p o r t a n c e  o f  e r r o r  o f  
L a b o r a t o r y  d e t e r m i n a t i o n ,  samp l ing  e r r o r ,  and f i e l d  s a m p l i n g  o f  
geno types  f o r  p r o t e i n  d e t e r m i n a t i o n .  M a t e r i a l s  c o n s i s t e d  o f  10 
c u l t i v a r s  grown i n  3 r e p l i c a t e s  t e s t  w i t h  maize ! n t e r c r o p  on bLack 
s o i l .  Tuo sub-samples were t a k e n  f rom seed f r o m  each p l o t ,  and each 
o f  t h e s e  uas s u b d i v i d e d  i n  t h e  Lab f o r  two d e t e r m i n a t i o n s  o f  p r o t e i n  
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T a b l e  18. Ana lyses  o f  v a r i a n c e  o f  r e s u l t s  w i t h  10 c u l t i v a r s  a n a l y s e d  
f o r  p r o t e i n  i n  a  t e s t  t o  e s t i m a t e  r e l a t i v e  e r r o r  due t o  
d e t e r m i n a t i o n ,  samp l ing  and genotype x env i ronment  
i n t e r a c t i o r ~  
Source o f  v a r i a t i o n  D. F. M.S. F .  M.S. F. 
Among r e p 1  i c a t e s  c ! .85 1.65 1.10 0.80 
Among geno types  c 5.53 3.10* 4.11 2.98* 
Reps. x geno types  1 F - 1 4  - 1.38 - 
Sampl ing  e r r o r  3 C 0.34 - C.30 
D e t e r m i n a t i o n  e r r o r  60 0.43 - 0 . 2 2  - 
---------------------------------------------------------------- 
* S i q r t ? t l c a n t  b t  5;: Level .  
t i t n e  Tec i - in~con  d u r n  a n d ~ y s c r .  T h e  t e c t  r e p e a t e d  on  two  
d l  t f e r e n :  aays. Combir,ec, d r ~ a l  y,? 5 show?,! b 7  r t b d l  L \  no r f  f e i t  o f  days. 
AnaLyses o f  b a r l a n c e  f i r  t i l e  t w c  ~ : ~ j ) ' ~  ~ r r ~ ~ , e r i t r d  111 rd t l l r  18. 
I t  i s  apparen t  t h a t  e r r G r  ' , t , t+ r r  i r i d t l ~ r  .r t l ~ e  i a b o r d t o r y  and 
s a m p l i n y  w i t h i n  ? h e  l ~ t  1: c,efi! r r r .  r l r t :  . r  , i ~ r i i  f i c a r i t  sources  o f  
e r r o r  ~n r e i a t l c r ~ l  . t r f - a  q e r ~ u t y p e  r r r ;  : , i t ?  l r i f e r a c t i u n .  
D l f  t e r e n c e s  among r r p i l c o t e , ,  u e r *  r ot : ~ g r i ?  t l ( . ,~ r l t ,  dnc! (21 f f e r e n c e s  
dmortg geno types  wer? s : g r ~ l ~ l ~ d r , f -  a' ! ~ I P  I/. ~ . ( . V I .  Tt1rc.e. l l n p o r t a n t  
i n d i c a t i o n s  f rom t h ~ s  :tilt:. d l . 6  : " ,  L l r ' c j ~  e G C , ' ~  r r , ~ n d t  ~ I J ~ I < >  u r ~  51r1g le  
samples s h o b l d  be s u t i  i c ; ~ r , ~  t r - rjt.<> .$,ri  ,:: f ferc.r~r. f  ', drnor~r~ -cf!d l o t s ;  
(2) The geno type  , r r r * i , r ~ c !  ,c,r ' l K l p L r ? d r ~ t  ertough t o  
r a i s e  q u e s t i o n s  o f  t h e  o..+ i n ,  , r r  p l b n t '  o r  
u n r e p l i c a t e a  p l o t s ;  dfl(l  : * * .  . r r e f ,  r t - 6 1  ' ~ . , j + ~ ~ : ,  r c l  d t l v e l y  ;ma1 1 
ajfferenc-s i n  p r c t e j r  . t . v ' .  . ,r , ~?r~ i . ' ,br - , ,  Car ti? d e t e c t e d .  
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4.3 DhaL p r o t e i n  c o n t e n t  as i n f l u e n c e d  by  methods o f  seed c o a t  removal  
i n  p igeonpea:  
As i t  uas done i n  case o f  ch,ickpea, t he  e f f e c t  o f  methods o f  seed 
coa t  removal  on d h a l  p r o t e i n  c o n t e n t  i n  p igeonpea  was de te rmined .  
S i m i  La r l y ,  wet and d r y  methods o f  seed c o a t  removal  were compared. 
H i g h e r  p r o t e i n  v a l u e s  were o b t a i n e d  f o r  d h a l  samples p r e p a r e d  by  d r y  
method b u t  t h e  d i f f e r e n c e s  were n o t  l a r g e  enough t o  q u e s t i o n  t h e  
v a l i d i t y  . o f  a n a l y s i s  o f  d h a l  samples p r e p a r e d  by wet methods 
( T a b l e  19).  However, i t  s h o u l d  be n o t e d  t h a t  seed s o a k i n g  a t  h i g h e r  
t e m p e r a t u r e  wou ld  y i e l d  Lower p r o t e i n  v a l u e  on  dhaL sample. The 
n i t r o g e n  c o n t e n t  o f  s o a k i n g  w a t e r  was more i n  case o f  s o a k i n g  a t  room 
t e m p e r a t u r e  as compared t o  t h e  s o a k i n g  a t  low t e m p e r a t u r e .  S ince  t h e  
d r y  method o f  seed c o a t  removal  i s  t e d i o u s  and t i m e  consuming, wet 
method s h o u l d  be p r e f e r r e d  and f u r t h e r  s o a k i n g  a t  low t e m p e r a t u r e  i s  
d e s i r a b l e .  U n l i k e  ch ickpea,  seed c o a t  removal  by B a r l e y  P e a r l e r  was 
found  s a t i s f a c t o r y  as no  g r e a t e r  l o s s e s  i n  dhaL p r o t e i n  vaLues were 
o b t a i n e d .  B a r l e y  P e a r l e r  f i t t e d  w i t h  a  wooden r o l l e r  was t r i e d  and 
s u i t a b l e  m o d i f i c a t i o n s  i n t r o d u c e d .  T h i s  w i l l  be d i s c u s s e d  i n  d e t a i l  
i n  a  s e p a r a t e  p r o g r e s s  r e p o r t  o f  o u r  depar tment .  
5.  Gene t i c  v a r i a b i l i t y  f o r  p r o t e i n  c o n t e n t  . r  t n e  germplasm 
a c c e s s i o n s :  
As s t a t e d  e a r l i e r ,  i n  a c r o p  improvement program w i t h  an 
o b j e c t i v e  t o  improve  t h e  n u t r i t i o n a l  q u a l i t y  o f  t h e  g r a i n ,  one o f  t h e  
t a s k  s h o u l d  be t o  s c r e e n  t h e  a v a i l a b l e  germplasm a c c e s s i o n s  f o r  
p r o t e i n  c o n t e n t  and L i m i t i n g  e s s e n t i a l  amino a c i d s  i n  o r d e r  t o  
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T a b l e  19. E f f e c t  o f  t h e  methods o ?  seed c o a t  r e m o v a l  o n  d h d l  
p r o t e i n  c o n t e n t  i r l  p i geonpea .  
---------------------------------------------------------------------. 
C u L t i v a r  D r y  me:hoc Met m e t h o d c ( ~ o a k i n g  temp.) 
------------------------ .......................... 
c o n t r o l "  B a r , ~ ?  p e a r ! e r b  5 oC 2 5  % 
b' ; r lues w i t h i n  p a r e n t h e i ~ i  .ire p r ~ , t e i r  ~t r ~ ~ r i t ~ ~ j ~ ~ ?  L u s t  i r ~  : ;oakin9 
w a t e r .  a W i t h o u t  soak 1 r 1 j  r.t.ed c o a t  war. rtsrrcjved m a r ~ u a l  l y  u s i n g  
f o r c e p s ;  b W i t h o u t  i u d k i r q  : ~ e d  . c d t  r d s  r ~ r n o v e c  u s i n g  B a r l e y  
P e a r l e r ;  L A f t e r  :oar i n t ~  i r  d i r t 1  ! l t .c~ u d ' e r  ' r lk I I ~  ~ e d  c o d t  was 
removea manua l  l y  u s i n q  f o r  . e ~ - .  
i d e n t i f y  t h e  l i n e s  hdv1ng ' r r  z e ~ i r d t  ( d r i r  ~ C I G  [ i r ~ + l L e s  d n d  
p r o t e l n  c o n t e n t .  Su t h e  dr id l  y 5 ~  f f r  r ~ W C I  p i g e f ~ r ~ p e d  qe rmp lasm 
a c c e s s ~ o n s  f o r  t h e ?  r p r c t - ' r  I t e r  t d j  i , r , ; t . r t a k ~ r  t r ~  k n v u  t h e  
~ a r i a b i l i t y  f o r  t n i s  c h d r d c ' e r .  
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5.1 P r o t e i n  a n a l y s i s  o f  germplasm a c c e s s i o n s  o f  c h i c k p e a :  
The d o r L d  c o l l e c t i o n s  o f  c h i c k p e a  germplasm a c c e s s i o n s  a v a i l a b l e  
i n  our  G e n e t i c  Resources U n i t  were a n a i y s e d  f o r  p r o t e i n  c o n t e ? t  by t h e  
dye b i n d i n g  c a p a c i t y  (DBC) p r o c e d u r e  as d e s c r i b e d  ano a i s c u s s e d  
earlier. A b r i e f  acccoun t  cf t h e  source  o f  t h e s e  l i n e s  i s  g i v e n  i n  
T a b ~ e  PO. 
TabLe 20. A c c e s s i o n  d e t a i l s  o f  r o r l c  c h i c k p e a  germpiasm c o l l e c t i o n  
...................................................................... 
Courit r y  T o t a l  Number C c j ~ ~ n t r y  T o t a i  Number 
I r ) d  1 o 
i r a r  
P t u h a n l s t d n  
Y~rke , )  
Y e x i  cc! 
E t P l 0 ~ ; i u  
P,:b ' s t a r )  
~ l . 5 . A .  
L8.5.S.k. 
:I[ dl 1 ,  
Moroccc 
F , q y ~ , t  
! 2 r t 1 d ~ .  
T 1 . 3 1  s i  a 
Greece 
B b l q a r i d  
l i ~ ~ n y a  r y  
Fc rt,qai 
Suadl 
Other: 
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S e v e r a l  a c c e s s i o n s  have been added t o  our  c o l l e c t i o n  s i n c e  t h e s e  
a n a l y s o s  were made. A complete c a t a l o g u e  o f  these  L i n e s  i s  a v a i l a b l e  
w i t h  o u r  G e n e t i c  Resources U n i t .  I n  o r d e r  t o  e n s u r e  t h e  accuracy  o f  
t h e  DBC method, e v e r y  t w e n t i e t h  o r  so sample f rom each Lot  t h a t  was 
a n a l y s e d  by t h e  DBC p r o c e d u r e  was a g a i n  ana lysed  by t h e  s t a n d a r d  
m i  c r o K j e l d a h 1  method. The  or r e l d t  i o n s  between t h e  DBC and 
m i c r o K ? e l d a h L  methoa were tound r d n g i n q  between 0.95 and 0.99 f o r  
d i f f e r e n t  L o t s  o f  samples ana iysed  d u r i n g  t h a t  p e r i o d .  For c h e c k i n g  
t h e  r e p r o d u c i b i l i t y  o f  t h e  procedure, p r u t e i n  e s t i m a t i o n  o )  u l t f e r r n t  
l o t s  o f  b u l k  check sampies were c a r r i e d  ou t  a u r i n g  t h e  a n a l y s i s  and 
t h e  r e s u l t s  were t a b l u l a t e d  dnd s t a n d a r d  e r r o r s  dnd c o e f f i c i e n t s  o f  
variation were workea ou t  as shown i n  T d b l t  21. The c o e f f i c i e n t s  o f  
v a r i a t i o n  o f  e s t i m a t i o n  ranged between 1.01 drld 5.48% t i l r r i n y  t h e  
e n t i r e  p e r i o d  o f  a n a l y s i s .  
T a b l e  21. S tandard  e r r o r  and c o e f f i c i e r t t  o f  b a r i d t i o n  o f  DbC method 
used f o r  p r o t e i n  e s t i m a t i o n  i r  c h i c k p e d "  
Year C u l t i v a r  n  Range Me a  ri  SE C V 
... P r o t e i n  : % i  .. . 
a A n a l y s i s  o f  whole seea s a m w e .  
Large v a r i a t i o n s  appear  t o  e x i s t  f o r  p r o t e i n  c o n t e n t  i n  c h i c k p e a  
germplasm c o l l e c t i o n s .  P e r c e n t  p r o t e i n  i n  whole seed c h i c k p e a  ranged 
between 14.2 and 31.5 p e r c e n t  w i t h  an average v a l ~ e  o f  19.3 p e r c e n t  as  
p r e s e n t e d  i n  T a b l e  22. The a n a i y s i s  o f  check samples shoved l a r g e  
v a r i a t i o n  ( T a b l e  2 3 ) .  As t h e  e n t r i e s  were grown o v e r  d i f f e r e n t  
Tab le  22.  V a r i a b i  L i  t y  o f  p r o t e i n  c o r ~ t e n t  i n  germpiasm d c c e s s i o n s  
o f  c h i c k p e a a  
Year No o f  sampler P r o t e i n  i X )  
--------------------- 
Range Mean 
---------------------------------------------------------- 
d Whole seed samples a n a l y s e o  bv dye b i n d i n g  c a p a c i t y  (DBC) method. 
t Dha l  bamples were drialysec; t y  i e c n r i i i o r ~  d ~ t u  d r ta lyser .  
years, some d i f t e r e n i e -  - n  t h e  r e - ~ l r s  d r e  expec teo  :o be due t o  
e n v i r o n m e n t a l  i n t e r d c t  i o n s .  A ~ J !  i s 1  s o f  a L i m i t e d  number o f  c u l t i v a r s  
grown a t  4 a i f f e r e n :  i o c a r ~ b n s  w d L  C a r r i e 0  ou t  t o  s t u d y  t h e  
e n v i  ronmenta l  i n t e r a c t  i o n s  due :c . b c d t 7 0 n .  The r e s u l t s  i n d i c a t e d  
' h a t  whi i e  l o c a t i o n  e f  t e c t  i d L  r o r l s i q n i  f i c a n t  t h e  v a r i e t a l  d i f f e r e n c e s  
d i t h  r e g a r d  t u  p r o t e i n  L,I * e r  * ~t - e  s i g n 1  f - c d n t  t h i s  has been 
a i s c u s s e d  i n  more a e t a i  l i~ + r t  +, , i u u i n g  s e c t i o n s :  
TabLe 23. V a r i a t i o n  i n  p r o t e i n  v a l u e s  u t  check sampie c f  c h i r k p e a s  
(cv.G-130,L-55@ and JG-b2) ~ r i d l y s e d  d u r i n g  d l  t f e r e r i t  y e d r s "  
Year C u L t i v a r  r l  Range Mean S D  C V 
-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - .  
JG-62 11 1e. t )  - 19.8 16.3 1 . 1 1  6 - 1 0  
-__________________--------------------------------------------------. 
a P r o t e i n  ana[ys,s  c f  r h c l ~  seec; t;y U ~ F  t l r l d i r ~ y  i ; ~ r i ~ c i : j  ( l r t ( C )  method, 
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5.1.1 R e l a t i o n s h i p  between seed s i z e  and p r o t e i n  c o n t e n t  i n  ch ickpea:  
A L i m i t e d  amount o f  i n f o r m a t i o n  i s  a v a i l a b l e  on  t h e  r e l a t i o n s h i p  
between seed s i z e  and p r o t e i n  c o n t e n t  i n  g r a i n  Legumes. To o b t a i n  
i n f o r m a t i o n  on t h i s  aspect  i n  chickpea, 150 germplasm access ions  
v a r y i n y  i n  seed s i z e  were ana lysed  f o r  p r o t e i n  c o n t e n t  (Appendix I). 
There was a  v e r y  wide range i n  100-seed we igh t  ( T a b l e  24) among t h e  
yermplasm access ions .  N e g l i g i b l e  c o r r e l a t i o n  was o b t a i n e a  between t h e  
100-seed-we igh t  and seed p r o t e i n  c o n t e n t .  I n  o r d e r  t o  know whether 
such a  c o r r e l a t i o n  e x i s t  even i n  t h e  L o t s  o f  ch ickpeas  h a v i n g  s m a l l e r  
v a r i a t i o n s  i n  seed weight,  these  germplasm access ions  were grouped 
Tab le  24. R e l a t i o n s h i p  between seed s i z e  and p r o t e i n  c o n t e n t  i n  ch ickpea  
P r o t e i n  Group P r o t e i n  ( % )  100-seed u t  ( 9 )  C o r r e l a t i o n  
------------------ ------------------ c o e f f i c i e n t  a 
Range Mean Range Mean 
Lou (n=56) 14.9 - 19.8 17.8 10.0 - 37.8 14.8 0.09 
Medium (n=49) 20.2 - 25.0 23.1 9.5 - 34.4 17.L -0.06 
High (n=45) 25.2 - 29.6 26.5 11.1 - 36.7 17.2 -0.07 
T o t a l  (n=150) 14.9 - 29.0 22.2 9.5 - 37.8 16.4 0.16 
...................................................................... 
a  Between 100-seed we igh t  and p r o t e i n  c o n t e n t  
i n t o  low, medium and h i g h  based on t h e i r  100-seed we igh t  as shown i n  
Table 24. I n t e r e s t i n g l y  t h e r e  uas no c o r r e l a t i o n  be tueen  t h e  seed 
we igh t  and seed p r o t e i n  c o n t e n t  f o r  L ines  b e l o n g i n g  t o  any o f  these  
groups. T h i s  shows t h a t  i t  i s  p o s s i b l e  t o  i n c r e a s e  b o t h  t h e  seed 
we igh t  and p r o t e i n  c o n t e n t  i n  ch ickpea.  
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5.2 P r o t e i n  a n a l y s i s  o f  germplasm d c c e s s i c n s  o f  p igeonpea :  
A t  I C R I S A T ,  we have s e v e r a l  thousands o f  p igeonpea germplasm 
a c c e s s i o n s  o r i g i n a t i n g  f rom d i f f e r e n t  c o u n t r i e s  ( T a b l e  2 5 ) .  P r o t e i n  
a n a l y s i s  o f  germplasm access ions  o f  p igeonpea was c a r r i e d  o u t  by u s i n g  
t h e  Techn icon  a u t o  a n a l y s e r  p rocedure  because t h i s  p r o c e d u r e  was f o u n d  
t o  be s u i t a b l e  as d e s c r i b e a  e a r ~ i e r .  I n i t i a l l y ,  we a n d l y s e d  dhaL 
samples f o r  p r o t e i n  c o n t e n t .  A f t e r  e s t a b l i s h ~ n g  t h e  c o r r e l a t i o n  
between u h o l e  g r a i n  and a h a l  protein con ten ts ,  t h e  a n a l y s i :  o f  u h o l e  
g r a i n  samples was under taken .  The a n a l y s i s  r e v e a l e d  t h a t  p r o t e i n  
c o n t e n t  ranged between 15.4 and 27.6 F j e r t r n t  f o r  u h o l e  g r d i r  samples 
and oe tueen  16.3 and 28.6 :or d h d l  i d m p i e -  l r l d - ~ d t i n g  t h e  p u s s i b 1  l i t y  
o f  some h i g h  p r o t e i r  sourceF ( T a b i t  2 6 1 .  I r i  c ~ r o ~ r  t o  know t 7 e  
dccuracv  o f  t t  i s  rdr ~ r o c e d u r e ,  e v v r j  t w r n t i ~ t t  :.imbLt o r  so W J L  
a n a l y s e a  by  t h e  s ta r ldd rc  MKJ procediAr t .  arrd t h e  v d  be'  upre co rn~~dred .  
B u l k  check sdmpL€s were d l s ~  i n c t u d e d  u u r  r i c j  r Lu t l r l cA  d r i d i y s i :  d r ~ d  
e r r o r  i n v o l v e a  d u r i n g  :he d r ld !ys ls  tc r ~i + t c r e r  t y e r i r  q i v ~ n  ~ n  
T a b l e  27. Coef f i c ~ e n t s  o t  v d r i a t ~ o r  + p r O t C y i  dndl  y:ls rdnged 
oetween 1.35 and 2.62 p e r c e n t .  However, t i l e  r e s ~ l t  - r r ~ L u d e  t h e  
a n a l y s e s  o f  samples t h a t  were o t t d ? n e t l  f rcm bnr6.p cdtecl t r l d l :  dnd i o  
a t t e m p t  was made t o  s tudy t t i e  7r f i d ~ r ~ c f  o f  r v I r n r ~ r n ~ r ~ t d  r  ic 'dsor d l  
e f e c t s  o n  p r o t e i n .  
Ano ther  source  o f  high p r c t c r - P  u 1 d r r 3 t l f  l e c ~  r  t h e  u l l c  
spec ies .  Some o f  t h e  spec ies  c f  hyyic_sll, -1 r e :  d t e d  qerie, were fohnd 
t o  have h i g h e r  p r o t e i n  Leve ls .  I n t e r g e n r r  i c  L l r Ier  f rom ~ r o s s e s  2 f  
T-21 and AixCgsia s p e c i e s  showed t h a t  b f e u  I 7 r i e >  nan more t h a n  30% 
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Table 25. Accession d e t a i l s  o f  wo r ld  pigoenpea germplasm c o l l e c t i o n  
------L--------------------------------------------------------------- 
S.# Country ~ c c e s s i o n s  S.#  Country Accessions 
...................................................................... 
1 A u s t r a l i a  47 18 P a k i s t a n  1 5  
2 BangLa Desh 54 19  Peru 5 
3 B r a z i l  7 20 Pue r to  R ico  4 5 
4 B r i t i s h  Guyana 7 21 The Phi  L ipp ines  13 
5 Burma 66 22 Senegal 10 
6 Columbia 5 23 S r i  Lanka 66 
7 Dominican Repub l ic  6 2 4  Taiwan 3 
French A n t i  1 l e s  
Ghana 
I n d i a  
Indones ia  
Jamaica 
Kenya 
Madagascar 
Malawi 
Nepa L 
N i g e r i a  
Tanzania 
Thai land 
T r i n i d a d  
Uganda 
USSR 
USA 
Venezuela 
Zambia 
Mexico 
Unknown (Source 
Newzealand) 1 
- -  - - -  ~-~ ~ - -~ - 
T o t a l  = 9697 
...................................................................... 
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T a b l e  26. A n a l y s i s  o f  p igeonpea  germplasm a c c e s s i o n s  f o r  p r o t e i n  
c o n t e n t  
............................................................ 
Year No o f  samples P r o t e i n  (%la 
.......................... 
Range Mean 
............................................................ 
T o t a l  a 621 5 15.4 - 27.6 19.9 
b 2832 16.3 - 28.6 22.4 
------------------------------------------------------------ 
Whole seea, N x 6.25; b Ohal sample. 
T a b l e  27. E r r o r  i n v o l v e d  d u r i n g  r o u t i n e  p r o t e i n  a r ~ a l y s i s  by T A A  
procedurea 
---------------------------------------------------------------------- 
Year N o o f  samples C u L t i v a r  Range Me a ri S E C V  
---------------------------------------------------------------------- 
-- P r o t e i n  (%)  -- 
1 976-77 5 2 Sharaa 19.8 - 21.0 20.4 0.48 1.86 
1980-81 87 C-1 I 15.8 - 2 1 .  20.7 0.39 1.88 
------_-___________--------------------------------------------------- 
a B u l k  d e f a t t e d  who le  seed samples werc ana1y5er;; G Deta:ted dhaL 
samples were ana lysea .  
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p r o t e i n  (Reddy e t  a l .  1978). P r o t e i n  pe rcen t  o f  some o f  t h e  w i l d  
r e l a t i v e s  o f  pigeonpea i s  shown i n  Table 28. I n  w i l d  r e l a t i v e s  t h e  
p r o t e i n  percent  va lues  were h i g h e r  than t h e  c u l t i v a t e d  species. But 
t he  va lues  o f  p r o t e i n  pe r  seed were Lower i n  w i l d  r e l a t i v e s  and t h i s  
i s  because o f  t h e i r  sma l l e r  seed s izes .  
Table 28. P r o t e i n  content  o f  some w i l d  r e l a t i v e s  o f  pigeonpeaa 
Species 100-Seed w t  (g)  P r o t e i n  ( X I  Pro te in / seed  (mg) 
...................................................................... 
a Dhal sample, mo is tu re  f r e e  ( N  x 6.25) 
5.2.1 R e l a t i o n s h i p  between seed s i z e  and p r o t e i n  content  i n  pigeonpea: 
From breed ing p o i n t  o f  view, i n c r e a s i n g  t h e  y i e l d  a t  constant  
p r o t e i n  content  o r  t h e  s e l e c t i o n  o f  genotypes o f  s u p e r i o r  p r o t e i n  
content  w i t h  average y i e l d  capabi L i  t y  would be advantageous. I n  o rde r  
t o  h a r v e s t  more y i e l d  o f  p r o t e i n  p e r  u n i t  a r e a  p e r  u n i t  o f  time, i t  
wou la  be d e s i r e a b l e  t o  have p igeonpea L ines  w i t h  h i g h e r  p r o t e i n  
c o n t e n t  w i t h  n o r m a l  seed s i z e  and good y i e l d  p o t e n t i a l .  I t  rema ins  t o  
be seen i f  t h i s  c o u l d  be ach ieved  i n  a  b r e e d i n g  program wh ich  aims a t  
d e v e l o p i n g  h i g h  p r o t e i n  c u l t i v a r s .  
Keep ing  t h i s  i n  mind, t h e  r e l a t i o n s h i p  between 1 0 0 - g r a i n  w e i g h t  
ana p r o t e i n  p e r c e n t  was worked ou t  i n  pigeonpea. For t h i s  purpose, a  
l o t  o f  43 c u l t i v a r s  r e p r e s e n t i n g  d i f f e r e n t  m a t u r i t y  g roups  were 
a n a l ~ s e d  and v a r i a t i o n s  f o r  seed u e i g h t  and p r o t e i n  p e r c e n t  f o r  t h e s e  
c u l t ~ v a r s  a r e  shour  I n  Tab!? 29. C o r r e L a t ~ o n  c o e f f i c i e n t s  between 
Tab le  29.  R e l a t i o n s h i p  between 100-g rs i r l  we igh t  and p r o t e i r i  p e r c e n t  
i n  p igeonpea 
...................................................................... 
C u ~ t ~ v a r  1 0 0 - g r a i n  w e i g h t  ( g )  P r o t e i n  C o r r e l a t i o n  
-------------------- ------------------- coef  f i c i e n t b  
Range Mean Range Mean ( r )  
...................................................................... 
E a r l y  (n=7) 6.3 - 9.5 7.4 18.3 - 22.4 20.7 U.551** 
Meciurn ( n = l 4 ;  8.0 - 12.5 9.7 17.9 - 23.1 20.6 -0.266 
L a t e  !n=22) 7.9 - 1C.8 1 .  19.4 - 24.3 22.8 -0 .483** 
T o t a l  (n=43) 6.3 - 13.9 9.9 I .  - 3 21.2 0.189 
a  A n a l y s i s  o f  whole g r a i n  ovpn d r i e d  sampLe. b  Between 1 0 0 - g r a i n  
u e i g h t  and p r o t e i n  Z .  ** S i g n i f i c a n t  1% l e v e l .  
t h e s e  two c h a r a c t e r s  v a r i e d  f o r  d i f f e r e n t  groups. A p o s i t i v e  and 
s i g n i f i c a n t  c o r r e l a t i o n  was o b t a i n e c  f o r  e a r l y  c u l t i v a r s  whereas a  
n e g a t i v e  and s i g n i f i c a n t  c o r r e ~ a t i o n  was n o t i c e d  f ~ r  l a t e  m a t u r i n g  
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c u i t i v a r s .  No s i g n i f i c a n t  c o r r e l a t i o n  e x i s t e d  f o r  medium c u l t i v a r s .  
However, no c o r r e l a t i o n  was n o t i c e d  when t h e  d a t a  f r o m  a l l  t h e  
c u l t i v a r s  u e r e  a n a l y s e d  ( T a b l e 2 9 ) .  I n  v i e w  o f  t h e  w idespread  
c u l t i v a t i o n  o f  l a t e  m a t u r i n g  c u l t i v a r s  i n  I n d i a ,  t h e  n e g a t i v e  
c o r r e l a t i o n  between p r o t e i n  c o n t e n t  and seed s i z e  f o r  t h e s e  c u l t i v a r s  
may have some i m p l i c a t i o n s  i n  a  b r e e d i n g  program. Our r e s u l t s  
i n d i c a t e  t h a t  an  i n c r e a s e  i n  p r o t e i n  c o n t e n t  r e s u l t s  i n  a  r e d u c t i o n  i n  
seeo s i z e  i n  case o f  L a t e  m a t u r i n g  c u l t i v a r s .  T h i s  o b s e r v a t i o n  needs 
f u r t h e r  c o n f i r m a t i o n  by a n a l y s i n g  more number o f  c u l t i v a r s  o b t a i n e d  
f rom d i f f e r e n t  L o c a t i o n s .  
6. P r o t e i n  c o n t e n t  as i n f  Luenced by env i ronments :  
The e f f e c t  o t  e n v i r o n m e n t s  on p r o t e i n  q u a n t i t y  i n  c e r e a l s  have 
been e x t e n s i v e l y  i n v e s t i g a t e d  by s e v e r a l  workers.  I n f o r m a t i o n  
c o n c e r n i n g  e n v i r o n m e n t a l  e f f e c t s  on p r o t e i n  c o n t e n t  i n  Legumes i s  
scan ty .  I t  i s  w i t h  t h i s  background t h a t  some e f f o r t s  were made t o  
s t u d y  t h e  e f f e c t  o f  d i f f e r e n t  e n v i r o n m e n t s  on  p r o t e i n  c o n t e n t  o f  
ch ickpea .  Such e x p e r i m e n t s  u e r e  p l a n n e d  and c a r r i e d  o u t  i n  
c o l l a b o r a t i o n  w i t h  t h e  b r e e d e r s  and p h y s i o l o g i s t s .  More d a t a  have 
been o b t a i n e d  on  c h i c k p e a  f rom d i f f e r e n t  L o c a t i o n s .  
6.1 E f f e c t  o f  e n v i r o n m e n t s  on  p r o t e i n  c o n t e n t  i n  c h i c k p e a :  
6.1.1 The p r o t e i n  c o n t e n t  o f  c h i c k p e a  grown a t  d i f f e r e n t  L o c a t i o n s :  
I n  o r d e r  t o  s t u d y  t h e  e f f e c t  o f  l o c a t i o n  on  p r o t e i n  con ten t ,  47 
c u l t i v a r s  o f  c h i c k p e a  u e r e  grown a t  Pa tancheru  ( I C R I S A T  Center),  
H issar ,  Pan tnagar  and JabaLpur  d u r i n g  t h e  p o s t - r a i n y  season o f  
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1975-76. A l though,  t h e s e  L o c a t i o n s  s l i g h t l y  d i f f e r  i n  t h e i r  
a g r o c l  ~ m a t i c  c o n d i t 5 o n s  t h e  major  c h i c k p e a  g r o w i n g  a r e a s  o f  t h e  
c o u n t r y  a r e  r e p r e s e n t e d  by t h e s e  l o c a t i o n s  excep t  Ra jas than .  P r o t e i n  
c o n t e n t  o f  whole seed samples was d e t e r m i n e d  by  t h e  T A A  procedure .  
R e s u l t s  i n d i c a t e d  t h a t  mean p r o t e i n  c o n t e n t  o f  t h e s e  c u l t i v a r s  was t h e  
h i g h e s t  when g r o u n  a t  Pantnagar  and uas t h e  lowes t  when g r o u n  a t  
H i s s a r  ( T a b l e  3 0 ) .  T h e  p r o t e i n  a a t a  o f  these  c u l t i v a r s  u e r e  a n a l y s e d  
T a b l e  3 0 .  Means and ranges o f  whole seed p r o t e i n  c o n t e n t s  
o f  c h i c k p e a  c u l t  i v a r s  groun a t  d i f f e r e n t  l o c a t i o n s  
d b r i n g  1975-76 ana 1977-78. 
---------------------------------------------------------------------- 
Year L o c a t  l o r ~  P r o t e i r  ( % )  s.D." 
Range Mean 
...................................................................... 
1975-76 ICRISAT C e r t e p  16.1 - 22.1 19.5 1.04 
(n=47 H i s s a r  16.1 - 15.4 18.2 0.64 
Pantnagar 20.7 - 2L.4 22.4 1.35 
! 977-78 H i s s a r  21 - 3  - 2 5 . 5  23.2 1.04 
( D e s i )  L u d h i  ana 24.4 - 2E.S 26.6 1.70 
1977-78 H i  ssa r 20.1 - 24.7 22.6 0.84 
6 S t a n d a r d  d e v i a t i o n  o f  t h e  l o c a t i o n  mear 
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s t a t i s t i c a l l y  and t h e  r e s u l t s  a r e  shown i n  T a b l e s  31 & 32. T h i s  d a t a  
c l e a r l y  showed t h a t  p r o t e i n  c o n t e n t  o f  geno types  was g r e a t l y  
i n f l u e n c e d  by  t h e  L o c a t i o n  as s i g n i f i c a n t  d i f f e r e n c e s  i n  p r o t e i n  
v a l u e s  u e r e  o b t a i n e d  when c u l t i v a r s  u e r e  grown a t  d i f f e r e n t  Loca t ions .  
The d i f f e r e n c e s  due t o  r e p l i c a t i o n s  were n o t  s i g n i f i c a n t ,  t h e  v a r i e t a l  
d i f f e r e n c e s  u e r e  s i g n i f i c a n t  w i t h  r e s p e c t  t o  p r o t e i n  c o n t e n t .  
T h i s  e x p e r i m e n t  was r e p e a t e d  d u r i n g  1977-78 and 25 c u l t i v a r s  
b e l o n g i n g  t o  d e s i - l a t e  g r o u p  and 15 c u l t i v a r s  b e l o n g i n g  t o  k a b u l i  
g r o u p  grown a t  Berhampore, H issar ,  Ludh iana  and New DeLhi ( T a b l e  30). 
These c u l t i v a r s  u e r e  a l s o  g r o u n  a t  I C R I S A T  Center, b u t  d a t a  f rom t h i s  
L o c a t i o n  were n o t  i n c l u d e d  i n  t h i s  s t u d y  as t h e  p r o t e i n  c o n t e n t  was 
fcund  t o  be e x t r e m e l y  Low because o f  s a l i n e  f i e l d  c o n d i t i o n s  and t h i s  
e f f e c t  has been d i s c u s s e d  under  a  s e p a r a t e  s e c t i o n .  La rge  v a r i a t i o n s  
Tab le  31. Mean squares  f r o m  a n a l y s i s  o f  v a r i a n c e  o f  seed p r o t e i n  
c o n t e n t s  o f  c h i c k p e a  c u L t i v a r s  g r o u n  a t  d i f f e r e n t  
l o c a t i o n s  i n  1975-76. 
1  975-76 
-------------------------------. 
Source d. f .  Mean sauares % T o t a l  S S  
L o c a t i o n s  3 172.12** 3.4 
C c r l t i v a r s  46 2.01* 5.6 
L o c a t i o n s  x 
C U L  t i v a r s  138 0.53 4.4 
E r r o r  561 1.72 58.6 
* S i g n i f i c a n t  a t  5% Level; ** S i g n i f i c a n t  a t  1X Level .  
Page 49 
Tab le  32. Mean squares  f rom a n a l y s i s  o f  v a r i a n c e  of seed p r o t e i n  
c o n t e n t s  o f  c h i c k p e a  c u l t i v a r s  grown a t  d i f f e r e n t  
l o c a t i o n s  i n  1977-78. 
...................................................................... 
ICCT-Desi ICCT-Kabuki 
.......................... ........................... 
d . f .  Mean squares X T o t a l  d.f .  Mean squares X T o t a l  
S S S S 
--_------------------------------------------------------------------- 
L o c a t  i o n s  3  518.71** 59.1 2 186.07** 61.4 
C u l t i v a r s  24 15.00** 13.7 14 3.46** 8.0 
L o c a t i o n  k 
i ~ l t i v a r s  7 2  2.55** 6.9 2 8 ? .44 6.7 
E r r o r  i Q 7  1.79 20.2 86 1.73 24.0 
iCCT : I n t e r n a t i o n a l  Coorc l inated Chickpea T r i a l s .  ** S i g n i f i c a n t  a t  
i n  p r o t e i n  c o n t e v t  u e r e  observed  uher c u i t ? v a r s  were grown a t  
c i  f  f e r e n t  loc, t ions.  Meav  rotein in c o n t e n t  (26.6%) uas t h e  h i g h e s t  f o r  
t h e s e  c u i t ~ v a r s  wher q r o u r  z t  Ludh iena  and was found t o  be t h e  Lowest 
:21 .6X> uher: grown d t  Neb D e l h i  f o r  b o t h  d e s i - L a t e  and k a b u l i  
i u l t i v a r s .  A n a l y s i s  o+ " d r i d n ~ e ,  as r e p o r t e d  r T a b l e  31, a l s o  
con f  i rmed t h e  e d r i . , e r  o b s e r v a t ~ o r ~  t h a t  ~ O c d t l o n  e f f e c t s  a r e  
s i g n i f i c a n t .  D i f f e r e n c e s  amon5 t h e  c u l t l v a r s  were s i g n i f i c a n t  b u t  
s m a l l  comparea w i t h  those  amon5 i c c a t l o n  d i f f e r e n c e s .  T h i s  i s  a l s o  
i n d i c a t e a  by t h e  v e r y  h i g h  D e r c e r ~ t  r f  t o t 0 1  sum c f  squares as compared 
:o t h o s e  o b t a i n e d  f o r  c u l t i v a r s  and C ~ r L t i v a r  x L o c a t l ~ n .  &T€! 
- m P o r t a n t  was t h e  o b s e r v a t 7 c n  : f a t  genotype-environment i n t e r a c t i o n  
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was n o t  s i g n i f i c a n t .  T h i s  shows t h a t  c u l t i v a r  x location i n t e r e c t i a n s  
i s  n o n s i g n i f i c a n t  and suggests t h a t  b reedfng f o r  i p rwed seed p r o t e i n  
content  i n  ch ickpea c o u l d  be e f f e c t i v e l y  c a r r i e d  out a t  a s f n g l e  
l oca t i on .  
6.1.2 E f f e c t  o f  c rop  years  on p r o t e i n  content  i n  chickpea: 
As p a r t  o f  t h i s  study, an exper iment was planned t o  s tudy  t h e  
e f f e c t  .of  d i f f e r e n t  c rop  years  on t h e  p r o t e i n  content  and amino a c i d s  
i n  chickpea. A t o t a l  o f  126 c u l t i v a r s  were se lec ted  and p l a n t e d  
d u r i n g  1975-76 and 1976-77 on b lack  s o i l  a t  ICRISAT Center 
(Appendix-5). The whole seed samples o f  these c u l t i v a r s  were analysed 
f o r  p r o t e i n  content  by t h e  DBC procedure. 
I t  i s  ve ry  i n t e r e s t i n g  t o  no te  t h a t  t h e  p r o t e i n  content  o f  
c u l t i v a r s  d i d  n o t  e x h i b i t  remarkable d i f f e r e n c e s  when t h e  da ta  o f  two 
years  were compared. On an average, p r o t e i n  content  o f  c u l t i v a r s  
groun d u r i n g  1975-76 was s l i g h t l y  h ighe r  than t h e  c u l t i v a r s  groun 
d u r i n g  1976-77. 
6.1.3 S a l i n i t y  and p r o t e i n  content  i n  chickpea: 
Chickpea i s  considered t o  be s e n s i t i v e  t o  s a l i n i t y ,  a l k a l i n i t y ,  
poor s o i l  d ra inage and r e l a t e d  n u t r i e n t  d i s o r d e r s  (Gupta, 1977). 
S a l i n i t y  n o t  o n l y  reduces t h e  c rop  growth seve re l y  b u t  i n  e x t r n e  
conditions can a l s o  l ead  t o  complete f a i l u r e  o f  t h e  crop; I n  
c o l l a b o r a t i o n  u i t h  breeders, we conducted exper iments t o  s tudy  t h e  
e f f e c t  o f  s a l i n e  f i e l d  c o n d i t i o n s  on t h e  p r o t e i n  content .  I n  1977/78, 
t h e  b r d i n g  m a t e r i a l s  examined i nc luded  n i n e  s h o r t  d u r a t i o n  c b s i  and 
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 able 33. S o i l  a ~ l y s e s  of experimental p l o t s  of chlckpor groun a t  
ICRISAT Center, near Hyderrbrd, India.  
Year Breeding mate r ia l  Soi L pH+ ~C+( rho /cm)  
t es ted  
- -------I---  
1977/78 Desi c u l i v a r s  S+ 8.0 1.20 t o  3.60 
1977/78 Kabul i  c u l t i v a r s  N+ 8.2 < 0.15 
1977/78 Desi FS and F6 S 8.2 0.55 t o  0.60 
bulked Lines 
N 8.2 < 0.15 
1979/ 80 Desi c u l t i v a r s  S 8.75 1.50 t o  3.40 
+ pH and EC ( E l e c t r i c a l  Conduct iv i ty )  were measured on a s o i l  t o  water 
r a t i o  of  1:2. + S = Saline; N = Non-saline. 
n ine  kabu l i  c u l t i v a r s  i n  I n t e rna t i ona l  Chickpea Cooperative T r i a l s  
( I C C T S )  and 46 F5 and F6 bulked breeding l ines.  I n  the  sa l i ne  f i e l d s  
t he  ICCTs were sown i n  randomized blocks u i t h  four r ep l i ca tes  i n  p l o t s  
o f  fou r  rows, 3 m  Long and 30cm apart. I n  1 9 7 9 / 8 0 , 1 5 e l i t e  
c u l t i v a r s  were grown i n  sa l ine  and non sa l i ne  condi t ions t o  examine 
the e f f e c t s  of s o i l  s a l i n i t y .  Results of s o i l  analyses o f  
exper iaen ta l  p l o t s  of chickpea groun a t  ICRISAT Center are shown i n  
Table 33. P ro te i n  percent and 100 seed ueight data f o r  the  four  
chickpea c u l t i v a r s  grown dur ing 1977-78 and 1979-80 are shown i n  
Table 34. I t  was observed t ha t  seed ueight  and seed p r o t e i n  percent 
a re  considerably reduced when chickpeas are grown i n  sa l i ne  f i e l ds .  
These observat ions a re  i l ~ p o r t a n t  t o  consider i n  a q u a l i t y  b r e d i n g  
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Table 34. Weight o f  100-seed and percentage o f  seed p r o t e i n  o f  f o u r  
c u l t i v a r s  grown i n  1977/78 (1) and 1979/80 ( 2 )  on s a l i n e  
and non-sa l ine  s o i  1s. 
C u l t i v a r  100-seed weight  ,(g) Percent  seed p r o t e i n  
......................... ......................... 
Sa l i ne  Non-saline Sa 1  i ne Non-sa 1  i ne 
----------- ----------- ----------- ---------- 
1 2 1  2 1 2 I 2 
----------------------------------------------------*----------------- 
program where s a l i n i t y  may cause unwanted v a r i a t i o n s  i n  seed weight  
and p r o t e i n  content  and thereby i n t e r f e r e  u i t h  t h e  se lec t i on .  These 
f i n d i n g s  i n d i c a t e  c l e a r l y  t h a t  f i e l d  c o n d i t i o n s  a r e  impor tan t  and 
should be kept  i n  mind when screen ing breed ing and germplasm 
accessions f o r  p r o t e i n  content .  
6.1.4 I n f l u e n c e  o f  f e r t i l i z e r  and i r r i g a t i o n  on p r o t e i n  content  i n  
c h i c k ~ e a :  
I n  c o l l a b o r a t i o n  u i t h  phys io logy  program, an exper iment uas 
conducted and seed samples o f  chickpea (CPS-1) grown d u r i n g  1980-81 
seasons were analysed f o r    rote in content .  Th is  c u l t i v a r  w i t h  3 
r e p l i c a t i o n s  was grown i n  compie te ly  randomized fashion.  Three 
i r r i g a t i o n s  (vegeta t ive ,  f l o w e r i n g  and pod f i l l i n g  stages) were given.  
F e r t i l i z e r s  were a p p l i e d  a t  a  depth  o f  45 cm a t  t h e  r a t e  o f  
20 kg N/ha. (u rea)  and 40 kg  P205/ha. ( s i n g l e  super phosphate). 
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Table 35. I n f  Luence of i r r i g a t i o n  and f e r t i  L i z e r  a p p l i c a t i o n  on 
p r o t e i n  content  i n  chickpea seed (cv  CPS-1) 
20 cm depth 45 cm depth  75 cm dep th  
----------------- --------------- ------------- 
F i e l d  None SSP SSP+I[ None SSP SSP+U None SSP SSWU 
................ P r o t e i n  ( X )  .................. 
I r r i g a t e d  
Rep 1 17.3 19.3 20.3 18.6 18.8 20.4 19.4 19.320.7 
Rep 2. 20.1 19.0 20.1 20.3 20.7 21.9 18.0 19.4 21.6 
Rep 3 18.3 17.9 18.5 19.5 19.9 21.3 20.7 17.520.4 
Mean 18.6 18.6 19.6 19.5 19.8 21.2 19.4 18.720.9 
Uni r r i g a t e d  
Rep 1 12.8 12.4 14.8 12.4 12.7 13.8 11.1 12.5 16.3 
Rep 2 12.9 11.4 15.3 14.0 12.8 14.0 10.2 10.5 12.5 
Rep 3 1 . 6  12.8 13.6 11.9 12.5 14.6 13.2 12.5 15.6 
Mean 12.8 11.9 14.6 12.8 12.7 14.1 11.5 11.814.8 
...................................................................... 
SSP:Single super phosphate; U:Urea. E x p t l  design:CompLeteLy 
randomized. I r r i g a t i o n :  3 t imes (vegeta t ive ,  f l o w e r i n g  and 
pod f i l l i n g  s tage) .  
I r r i g a t i o n  had s t r i k i n g  e f f e c t s  on the  p r o t e i n  content  o f  
chickpea. P r o t e i n  content  o f  chickpea seed increased by about 40 
pe rcen t  as a  r e s u l t  of i r r i g a t i o n  (Table 35). The a p p l i c a t i o n  of 
n i t r o g e n  f e r t i l i z e r  r e s u l t e d  i n  a  no t i ceab le  increase i n  t h e  p r o t e i n  
con ten t  of ch ickpea seed and t h i s  increase i n  p r o t e i n  content  was 
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consis tent  i n  the case o f  bo th  i r r i g a t e d  and u n i r r i g a t c d  f i e l d s .  No 
l a rge  d i f f e r e n c e s  i n  seed p r o t e i n  content uas observed when N was 
placed a t  th ree  d i f f e r e n t  depths (Table 35) .  
6.2 E f f e c t  o f  environments on p r o t e i n  content i n  pigeonpea: 
6.2.1 The p r o t e i n  content o f  pigeonpea grown a t  d i f f e r e n t  locat ions:  
I n  an attempt t o  study the  e f f e c t  of l oca t ions  on p r o t e i n  content 
i n  pigeonpea eleven c u l t i v a r s  grown a t  ICRISAT Center, Gulbarga, 
Sehore and Coimbatore dur ing  1979-80 were analysed. Whole g r a i n  
pooled samples o f  c u l t i v a r s  from each l o c a t i o n  were analysed f o r  
p r o t e i n  content by the  TAA procedure. No la rge  v a r i a t i o n  i n  p r o t e i n  
content was no t i ced  among the  c u l t i v a r s  when p r o t e i n  data from 
d i f f e r e n t  loca t ions  were compared (Tables 36 & 3 7 ) .  No attempt was 
made t o  analyse the data s t a t i s t i c a l l y  t o  f i n d  out l o c a t i o n  x c u l t i v a r  
i n t e r a c t i o n .  
Mean p r o t e i n  content o f  c u l t i v a r s  grown a t  ICRISAT Center was 
h igher  than those grown a t  o ther  locat ions, but  the d i f fe rences  were 
not  la rge  enough t o  i n d i c a t e  any e f f e c t  o f  l o c a t i o n  on p r o t e i n  
content. However, f u r t h e r  s tud ies are requi red t o  know 
l o c a t i o n  x c u l t i v a r  i n t e r a c t i o n  and the  in f luence  of d i f f e r e n t  
environments on p r o t e i n  content i n  pigeonpea. 
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Table 36. E f f e c t  of l o c a t i o n  on seed p r o t e i n  content  o f  p i g e o n p a  
c u l t i v a r s  grown d u r i n g  k h a r i f  1979-80. 
------------------------------C--y--------------------------------------- 
P r o t e i n  (X I  
................................................. 
S.#  CuL t i v a r  ICRISAT-Center Gulbarga Sehore Coimbatore 
---------------------------------------------------------------------- 
Mean 20.1 15.7 18.3 19.8 
6.2.2 I n f l u e n c e  o f  i r r i g a t i o n  and f e r t i  l i z e r  on p r o t e i n  content :  
From t h e  experiment conducted by pu ise  phys io logy  programme, seed 
sampLes o f  pigeonpea c u l t i v a r  BDN-1 were analysed f o r  p r o t e i n  content .  
F e r t i l i z e r s  were app l i ed  a t  d i f f e r e n t  depths i n  i r r i g a t e d  and 
u r i i r r i g a t e d  f i e l d s  and experiment uas conducted i n  t h r e e  r e p l i c a t i o n s .  
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P r o t e i n  content i n  whole g r a i n  samples was determined by the  TAA 
procedure and r e s u l t s  a re  presented i n  Table 38. N i t rogen  i n  the  form 
o f  urea a t  the r a t e  o f  20 kg lhec ta re  and P2O5 a t  the  r a t e  o f  40 kg/ha. 
uere app l ied  a t  th ree  d i f f e r e n t  depths. 
Table 37. Mean p r o t e i n  percentage o f  pigeonpea e n t r i e s  i n  EACT and 
ACT-2 grown a t  i n d i c a t e d  l o c a t i o n s  i n  I n d i a  d u r i n g  1980-81 
r a i n y  season. 
...................................................................... 
EACT ACT-2 
............................... .................................. 
Locat ions Locat ions 
.................... ...................... 
C u l t i v a r  Berham- Naya- S.K. C u l t i v a r  Gulbarga S.K. Kanpur 
pore garh Nagar Naga r 
... P r o t e i n  ( X )  ... ... P r o t e i n  ( X I  ... 
ICPL-1 19.8 16.5 19.5 BDN-2 18.9 20.2 19.7 
ICPL-81 19.8 16.5 21.1 ICPL-227 18.8 18.4 18.3 
ICPL-86 18.6 16.8 22.0 20 (105) 19.4 18.6 17.9 
ICPL-87 20.0 16.8 19.6 ICPL-42 19.1 19.4 19.6 
DL-78-2 20.4 18.5 21.0 ICPH-2 19.7 21.0 20.4 
ICPL-85 22.5 19.9 22.5 ICPH-5 17.9 17.9 19.6 
H77-208 19.9 18.4 2 1 0  ICPL-192 18.9 19.9 20.1 
Pant A-10 20.6 16.9 20.2 
SE + 0.42 0.22 0.40 0.24 0.58 0.30 
C V  (XI  3.6 2.2 3.3 2.5 6.0 3.0 
...................................................................... 
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Table 38. I n f l u e n c e  of i r r i g a t i o n  and f e r t i l i z e r  a p p l i c a t i o n s  on 
p r o t e i n  content  i n  pigeonpea seed (cv EON-1) 
20 cm depth 45 cm depth 75 cm depth  
----------------- ----------------- --I------------ 
F i e l d  None SSP SSP+U0 None SSP SSP+U None SSP SSP+U 
..................................................................... 
............. P r o t e i n  percent  ( N  x 6.251 ............. 
I r r i g a t e d  
Rep 1 17.1 19.0 19.9 19.3 20.3 20.3 18.4 18.1 19.2 
Rep 2. 18.718.6 19.4 18.7 18.9 19.3 19.4 19.3 19.4 
Rep 3 17.8 18.9 19.9 19.1 18.2 18.2 19.8 19.4 18.4 
Mean 17.8 18.8 19.7 19.0 19.1 19.2 19.2 18.9 18.9 
Uni r r i g a t e d  
Rep 1 18.918.6 18.8 18.6 17.3 17.9 17.8 17.2 16.9 
Rep 2 17.3 18.4 18.6 17.8 17.9 18.2 17.8 16.6 16.5 
Rep 3 17.1 17.1 16.9 16.6 17.4 16.5 18.2 17.6 16.2 
Mean 17.8 18.0 18.1 17.7 17.4 17.5 17.9 17.1 16.5 
...................................................................... 
SSP:Single super phosphate; U:Urea. E x p  design:CompLeteLy randomized 
I r r i g a t i o n :  3 t imes (vegeta t ive ,  f l o w e r i n g  and pod f i l l i n g  stage).  
I n t e r e s t i n g l y ,  i t  was observed t h a t  t he  use o f  d i f f e r e n t  
f e r t i l i z e r s  d i d  no t  show any e f f e c t  on the  p r o t e i n  content  o f  
pigeonpea. A p p l i c a t i o n  o f  f e r t i l i z e r s  a t  a  depth of 20 c m  s l i g h t l y  
increased the  p r o t e i n  content o f  t he  seed as compared t o  t he  c o n t r o l .  
Such an i nc rease  was no t  no t i ced  when the  f e r t i l i z e r s  were p laced a t  
45 cm and 75 cm depths. These responses were observed i n  case o f  
i r r i g a t e d  f i e l d  but  no t  i n  the  case of u n i r r i g a t e d  f i e l d .  A t  t h i s  
stage, r e s u l t s  ob ta ined  are  i nconc lus i ve  and f u r t h e r  i n v e s t i g a t i o n s  
a r e  needed t o  draw any conclusions.  
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A comparison of wthodr of protein e e t h t b n  in chickpea 
Protein (t)  
RW NO. ICC # Cultivrr/line 100-seed w t  (g) KtW T M  DBC Biuret 0 , )  
NEC-2607 
P-3739-1 
NEC-790 
NEC-791 
CHRYSANTHI-FOLIA 
B U C K  
P-3942 
DOHAD-YELLOW 
NEC-716 
JM-9750 
SHIND KHEDA 
NEC-440 
SL-971B 
NEC-770 
DOHAD-15-17-1 
NEC-2617 
Gm.40 
P-1792 
P-9710 
JM-969 
NEC-410 
NEC-488 
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NEC-351 
P-2989-1 
P-4710-1 
P-4313 
NEC-2610 
P-2989 
Chrysantha-folia 
BN-11-9-1-753 
SL-972-A 
NEC-355 
NEC-1875 
P-9800 
NEC-2675 
NEC-2691 
P-1953 
SL-1476-0 
P-9733 
NEC-2248 
P-4332-1 
P-1790 
P-1789-2 
NEC-1649 
NEC-1763 
P-1'13 
GALBRON 
P-1783 
Chambalpur F-8 
P-4252 
NEC-1134 
F3 Parner 4-14-1% 
ti. Sacjar JO-9 
NEC-581 
NEC- 74 1 
NEC- 179 
NEC-197 
NEC-930 
NEC-2332 
N-8 
G-130 
NEC-141U 
P-1198-1 
P-3225 
P-853-1 
NEC-2238 
JM-517 
P-427) 
NEC-995 
rnC-HlF 
NFC-2322 
.7M-981 
I4EC- 1 1f! 
?-I1., 
NEC-750 
P-1765 
NEC-961 
NEC-958 
JM-517 
SL-133B 
NEC-1417 
NEC-1415 
NEC-582 
P-1710 
P-585 
NEC-1787 
NEC-2728-2 
NEC-2678 
C-161 
NEC-1747 
P-4275 
NEC-1681 
P-1714 
P-1729 
P-7048 
NEC-1395 
JM-482-4 
P-422 
P-4543- 1 
NEC-962 
C-8 
C-46 
NEC-902 
NEC-1711 
P-1761 
P-1717-1 
NEC-1705 
NEC-1711 
NEC-1831 
P-4 306- 2 
NP-62 
TEHRAN-24 
NEC- 1694 
NEC-2630-2 
NEC-1806 
NP-17-1 
P-9629 
NEC-2632-2 
P-1720 
P-171b 
NEC-1702 
NEC-1223 
NEC-1696 
C-309 
NEC-1808 
NEC-1808 
T-1-A 
P-3318 
T-39-1 
18.4 
19.4 
10.3 
18.3 
29.7 
10.0 
17.5 
16.9 
11.8 
16.5 
11.1 
19.0 
17.6 
17.1 
15.9 
29.3 
12.5 
36.7 
20.3 
19.9 
13.4 
12.4 
17.3 
12.4 
13.0 
12.9 
24.9 
16.0 
17.0 
19.5 
13.3 
11.5 
19.1 
19.5 
15.1 
18.6 
11.7 
10.8 
23.7 
15.1 
18.6 
11.2 
23.2 
14.4 
11.5 
20.2 
22.4 
16.3 
19.6 
ln. 3 
18.9 
18.3 
11.5 
15.6 
16.4 
Appendix 2 
A comparison of microKjeldah1 ( M U )  and biuret (BIU) method. o f  protein omtisation 
R3w 0 ICC Y Pedigree 
100 seed wt  Biurot method 
lq) IaJ 
B2 
P-274 
JG-62 
P-3719 
P-3942 
P-4081 
P. 3739-1 
NEC-1189 
NEC-2205 
NEC-2207 
NEC-513 
NEC-2607 
NEC-2617 
P-9789 
JM-969 
JH-975-8 
JH-982 
P-9710 
SL-9718B 
SL-12278 
PI-310479 
P-4237 
CHRYNTHIFOLIA 81 
DOHAP15-17-1 
NEC-440 
NEC-716 
NEC-759 A 
NEC-802 
NEC-911 
P-2989-1 
P-4710-1 
P-4321 
P-4332-1 
NEC-2610 
NEC-2649 
NEC-2675 
NEC-741 
NEC-2681 
P-9733 
p-9800 
SL-972B 
SL-14760 
JM-517 
NEC-74i 
p-1798-1 
P-4252 
20.5 
14.6 
22.0 
22.5 
11.0 
12.2 
11.0 
20.0 
18.8 
10.0 
16.2 
14.5 
11.8 
18.3 
11.3 
13.4 
13.9 
10.0 
11.7 
16.5 
16.5 
ACK 13.9 
13.2 
11.9 
15. 2 
11.0 
21.1 
12.4 
10.5 
10.5 
11.4 
15.0 
23.5 
15.6 
17.4 
12.4 
15.9 
11.6 
37.8 
11.5 
9.5 
29.7 
12.4 
12.4 
11.7 
N-8 
NEC-179 
NEC-197 
G-130 
GRAN-88-3/2 
P-1713 
P-1765 
GkL BRON 
P-1789-2 
P-1790 
NEC-1410 
NEC- 14 15 
NEC-1763 
NEC-1803 
NEC-1879 
P-3225 
P-1721-1 
P-4275 
P-4306-2 
P-4543-1 
NEC-582 
mc-750 
NEC-892 
NEC-902 
NEC-961 
NEC-962 
NEC-2678 
NEC-2629-1 
NEC-2630-2 
NEC-2632-2 
NEC-2634-2 
SL-13338 
JM-517 
P-9629 
JM-482-4 
P-636 
P-1710 
P-1716 
P-1720 
P-1723 
P-1728 
C-161 
C-309 
T-40 
P-1761 
T-1-A 
P-3467-1 
P-422 
TEHRAN-24 
NEC-1806 
NEC-1808 
NEC-1678 
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NRC-lh"4 
NEC-1696 
NEC-174' 
NP-14 
PPSP-lQG 
RPSP-29e 
RPSP-3lt 
PPSP-1?7  
RPSP- 19.1 
Z M - ? ? 2 i  
NO-94 
?H-.: 
P-2003-1  
P-2010 
P - 2 1 2 3 - 1  
P - 2 1 8 1  
P - 2 6 1 9  
P-2619-4  
P - 2 6 5 0  
P - 3 2 2 9  
i - 3 ? 2 7  
r ' -4117 
i - 4 9 1 6  
:'-6369 
:'-6jb12- I 
i ' i 6 2  
I lEC-22 , l '  
LJEC-251 ' 
ntw- !1-1 
P G  1 0  
F'I.ISA-2R 
1- )4 - :  
PPSP- 3 I 1 
'IKr- 19-; 
; , - l l r , 3  
T M - 5 ? l A  : 
Ill4 -;I '3 
Early 
1169 
1170 
1171 
1172 
1173 
1174 
1175 
1176 
1177 
1178 
1179 
1180 
1181 
1182 
1183 
1184 
1185 
1186 
1187 
1188 
1189 
1190 
1191 
1192 
1193 
1194 
1195 
1196 
Medim 
A comparison of  different methods of protein estimation i n  pigeonpea 
Cul t lvar  100 Seed Seed coat Whole seed Dbal 
wt (g) (a) MW T M  DBC MW TAA DEC 
(ACT- 1) 
BR-172 (R1) 
T-21 
Hy-l 
Pusa 4-84 
DL-74-1 
HPA- I 
as-1 
BR-172 (R2) 
T-21 
HY- 1 
Pusa 4-84 
DL-74-1 
HPA- 1 
BS-1 
BR-172 ( R 3 )  
T-21 
HY- 1 8.4 
Pusa 4-84 6 . 7  
DL-74-1 7.7 
HPA- 1 6.6 
BS-1 6 .6  
BR-172 (R4) 7.6 
T-21 6.1 
HY-1 10.4 
Pusa 4-84 7.3 
DL-74-1 8.6 
HPA- 1 6.5 
BS-1 7.1 
-199 ST- 1 
,200 C-11 
201 JA- 3 
,202 ICP- 
.203 EB-3 3-70 
:204 PM- 1 
.205 Mukt I 
,206 Hy-2 
-207 BDN- I 
.208 Hy-4 
.209 No-1 18 
.210 As-i 1-37 
121 1 SA-1 (3: 
1212 PS-1 L 
1213 ST-] 
1214 C-11 
1215 JA- I 
1216 ICP- L 
1217 EB-38-70 
1218 PM- 1 
1219 W t a  
1220 Hy-2 
1221 BDN- 1 
1222 Hy-4 
1223 No-148 
1224 As-71-37 
1225 SA-1 (R3 
1226 PS-11 
1227 ST-1 
1228 C-11 
1229 JA- 3 
1230 1 0 - 1  
1231 EB- 38-70 
1232 PM- 1 
1233 Mukta 
1234 HY- 2 
1235 Bnr-1 
1236 m-4 
1237 No-: 48 
1238 As-' 1-37 
1239 SA-: (Rq 

ICP- 7065 
K-10 
NP (WR) -15 
KP-7086 
AS-44 
1234 
a a l i o r - 3  
1258 
8- 51 7 
PS-66 
Kh'R-1 
Gc-6800-67 
Gc-6826-5 
PS-65 
PS-43 
PS-71 
AS- 3 
PS-41 
K-23 
Gc-6842-9 
T- 7 
BDN-2 (R3) 
1 0 - 7 0 6 5  
K-16 
NP (WR) -15 
TCP-7086 
A S 4 4  
1234 
Wal ior- 3 
1258 
8-51 7 
PS-66 
KWR-1 
Gc-6000-6' 
Gc-6826-5 
PS-65 
PS-43 
PS-71 
As-3 

P a g e  7 1  
Appendix 4  
Variation in p r o t e i n  content  of w b l e  reed nnd dhnl cementa u e r q  pigmonp*~ 
germplasm acceamiona varying in s e e d  s i z e  
. . 
1 0 0  seed  Semd coat ?ratb in  mromt 
I C P  # Cultivar/line wt (91 ( \ )  whole s e e d  D h a l  s e e d  coat 
P-130-4 
PS-41  
P- 2  3 0  
P-1547  
UQ-46 
P r 2 6 5 6  
P-2288-2 
ANM- 36E 
P - 2 3 3  
P-18.90 
P-1685  
P - 2 3 7 8 1  
RNM-90 
UQ-107 
NP 6 9  
Bhedaqhat 
ANM-65 
UQ- 7  7 
UQ-70 
ANM-4 5 
RNM-55 
P - 2 2 9 9  
P-207-121-1  
P - 2 0 4 7  
P - 3 0 7 5  
P - 2 5 9 9 / 1  
P - 4 6 5 5  
P-4 -110-3-1  
sharda Sel P 
PUSA AGE71 U .  7  
P - 2 7 4 6  3 . 9  
APIM-118 
5 . c  
BS-5 b . ~  
BDN-1 1O.C 
A m a r k a n t a k - 1 7 3 - 1  1 3 .  1 
1 9 . 0  2 2 .  3 5 . 6  
1 7 . 2  2 0 . 7  4.5 
1 9 . 3  2 2 . 7  5 . 1  
2 0 . 0  2 4 . 1  4 . 9  
1 8 . 0  2 1 . 3  5 . 2  
1 9 . 6  2 2 . 8  6 . 1  
1 7 . 9  2 0 . 6  5 . 2  
2 0 . 8  2 4 . 0  4 . 9  
1 9 . 2  2 3 . 8  5 . 6  
1 9 . 5  2 4 . 4  5 . 0  
1 9 . 7  2 3 . 1  5 . 7  
1 8 . 1  2 2 . 4  4 . 9  
1 9 . 4  2 3 .  3  5 . 2  
LO.0 2 4 . 0  5 . 2  
1 9 . 1  2 2 . 5  5 . 4  
2 0 . 4  2 4 . 1  4 . 8  
1 9 . 6  2 3 . 0  5 . 5  
1 8 . 5  2 1 . 1  4 . 6  
1 9 . 2  2 3 . 0  4 . 9  
2 0 . 1  2 3 . 3  4 . 9  
1 9 . 7  2 3 . 8  5 . 1  
2 0 . 1  2 4 . 5  6 . 1  
15. 7 2 2 . 5  5 . 4  
1'). '3 2 2 . 0  5 . 4  
1 0 . 9  2 4 . 1  4 . 9  
L O .  ti 2 5 .  3 4 . n  
1 9 .  1 2 3 . 0  5 . 8  
LO. 1 2 3 . 0  5 . 2  
1 9 .  1 2 2 . 2  5 .1 
1 4 . 7  2 3 . 4  5 .  J 
1 9 . 6  2 3 . 4  5 . 2  
LO. b 2 4 .  3  5 . 3  
2 0 . 3  2 3 . 8  5 . 3  
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Protein content of chlclrpm rhan In dif-t parm 
Pmtein 6 Protein 6 
S . I  Cultivar/line 1976' 1 9 7 7 ~  S . I  Cultivarflina 1976' 1 9 7 7 ~  
Ubanere Local 
N59 
NP34 
W - 1 1 9 6  
NEC-1572 
KCC-1604 
NEC-1614 
NEC-1640 
HEC-1713 
NEC-2438 
PG-72-8 
PG-72-84 
Pyrouz 
PRR-I 
Rs-11 
T-3 
T-103 
WR-315 
850- 3/2 7 
12-071-04244 
12-071-05093 
12-071-10054 
P-30 
P-134-1 
P-200 
P-345 
P-388 
P-394-1 
P-538 
P-619-1 
P-623 
P-678 
P-810 
P-947 
P-993 
P-1081 
P-1081-1 
P-1092 
P-1181-A 
P-1213-2 
P-1231 
P-1265 
P-1363-1 
P-1497 
P-1613 
P-1630 18.3 17.8 
P-2386-1 17.8 17.8 
P-2422-1 19.4 18.6 
P-2571 18.1 16.7 
P-2614 16.4 17.0 
P-2774 17.6 19.6 
P-2993 - 17.9 
P-2974 15.3 16.3 
P- 3090 18.3 17.2 
P-4203 16.9 17.0 
P-5462 16.0 16.5 
P-9800 18.7 16.5 
P-2718 17.8 17.1 
P-2215-1 18.0 17.4 
P-2236 17.1 16.9 
P-4087 18.5 17.8 
P-9668 16.4 16.6 
NtC-229 17.1 17.7 
P-1845 18.9 18.0 
Dulia I11 19.0 18.6 
JM-460fA-64-7A 19.5 18.4 
SL-972-A 15.7 17.0 
WP 2654-A 15.8 17.0 
NEC-562 17.2 17.6 
NEC- 24 36 18.0 17.0 
NEC-571 17.3 17.8 
Anneqiri 15.3 15.6 
Baroda Dhakan 
Local 19.6 17.0 
Benqal gram 21.5 17.1 
BG 203 18.1 16.0 
0-110 18.3 16.0 
Caina 20.6 17.8 
cha ra 18.9 17.0 
C-104 21.8 16.4 
C-214 18.4 15.6 
C-235 20.1 17.8 
F parner-4-14-1 22.1 19.6 3 P-61 18.6 16.4 
F-404 19.1 16.6 
Giza 20.1 17.8 
GL-622 17.6 16.9 
GI,-629 18. 3 16.6 
&C30 19.1 17.3 
a-651 20.2 17.7 
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G 1 3 0  
0 5 4 3  
H-208 
H-355 
J b m  
5 0 3 9  
JG-62 
JG-71 
JG-221 
J'M466/DZ 
Kaka 
Kourorrh 
K-1189 
K-56566 
L.h.b.rm 
L-345 
L-534 
L-550 
NEC- 34 
1914 16.2 109 
18 .7  1 6 . 9  110 
18 .3  16 .8  111 
1 7 . 5  16 .4  112 
17.9 1 6 . 6  11 3 
18.9 16 .5  114 
1 8 . 9  1 6 . 0  115  
15.2 16.6 116 
17 .7  17 .2  117 
10-4 20.5 18 .3  118  
1 7 . 8  16 .8  119  
18 .8  15 .9  120 
20.3 17 .4  121  
1 7 . 1  16 .6  122 
Loca l  1 9 . 9  1 6 . 4  123 
18 .5  16.4 124 
2 0 . 0  1 6 . 1  12 5 
1 7 . 8  1 6 . 5  126 
1 8 . 3  1 5 . 8  
Analyssd by Technicon Auto Fmalyse r j  Average v a l u e  of d u p l i c a t e  d e t e r m i n a t i o n  
by Dye b i n d i n g  method. 
